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ABSTRACT 


The  investigation  reported  herein  has  been  directed  to 
defining  an  optimum  means  of  implementing  a  capability  for 
measurement  of  large-object  radar  cross  section  at  the  Radar 
Target  Scattering  Site,  White  Sands  Missile  Range.  The  required 
capability  is  that  of  accommodating  targets  up  to  60  feet  in 
length,  over  a  frequency  range  of  0.03  to  12  gigahertz,  and 
maintaining  the  present  RAT  SCAT  measurement  accuracy.  The 
primary  trade-off  feature  in  this  study  was  the  requirement  for 
range  length,  which  exceeded  16  miles  in  the  case  of  the  most 
straight-forward  approach  to  large-object  measurement.  This 
condition  is  commonly  defined  by  R  2  2D^/J*  when  D  is  the  mini¬ 

mum  target  dimension  and  ^  is  the  radar  wavelength. 

Four  basic  measurement  methods  were  analyzed  in  this 
investigation:  (1)  scaling,  wherein  the  target  size  and  range 

length  are  reduced  via  the  well-known  scaling  laws.  (2)  long 
range  and  high  power,  wherein  a  range  length  of  2D2/7l  is  used, 
(3)  antenna  far  field  simulation,  wherein  a  dielectric  lens  is 
used  to  partially  correct  the  phase  of  the  incident  illuminating 
field,  and  (4)  analytical  correction  of  near  field  data,  wherein 
data  obtained  at  R  <  2d2/^  is  analytically  processed  to  obtain 
data  equivalent  to  that  at  R  -  2D^fy. 

The  s  :udy  conclusions  are  based  on  extensive  theoretical 
investigation  and  experimental  testing.  Over  200,000  IBM  7090 
computations  and  250  experiments  were  performed.  A  trade-off 
study  was  conducted  in  order  to  uniformly  evaluate  the  impact 
of  the  selection  of  the  several  methods.  The  final  selection 
represents  a  combination  of  the  long-range  and  high  power,  and 
antenna  far-field  simulation  methods.  The  sensitive  target 
length  and  frequency  regions  were  determined  to  be  30  feet  £ 

D  <  60  feet  and  4  gigahertz  £  F  £  12  gigahertz.  With  these 
bounds,  the  latter  method  is  specified  for  the  regions  (1)  D> 

40  feet,  F  >  4  gigahertz  and  (2)  F  >  8  gigahertz.  Other  methods 
were  eliminated  in  the  trade-off  study  on  the  basis  of  the  cost 
required  to  achieve  the  necessary  range  length  or  measurement 
accuracy. 
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EVALUATION 


The  objective  of  this  effort  is  to  gather  data  necessary  and  suf¬ 
ficient  to  establish  the  criteria  upon  vhich  the  long  range  planning  of 
the  RAT  SCAT  Facility  can  be  based.  The  difficulties  of  performing  radar 
cross  section  (RCS)  measurements  on  very  large  objects  a**e  veil  known  and 
established  facts.  The  solutions  (and  many  have  been  considered  singly 
and  in  combination)  invariably  lead  to  complicated  and  costly  forms  of 
instrumentation  or  analysis.  Prior  to  the  arbitrary  implementation  of 
any  particular  solution  at  the  Radar  Target  Scattering  Range  (RAT  SCAT), 
it  was  felt  prudent  to  complete  a  trade-off  study  of  cost  vs  the  accuracy 
of  resulting  RCS  data.  A  valid  conclusion  could  only  be  reached  if  all 
aspects  of  the  various  solutions  to  the  problem  including  the  initial 
implementation  costs,  recurring  costs,  and  the  operation  and  maintenance 
of  the  range  vere  included  in  the  study.  This  accounts  for  the  scope  of 
the  effort  and  the  thoroughness  of  the  reported  results.  The  ultimate 
usefulness  of  this  vork  is  therefore  technical  guidelines  for  future  RAT 
SCAT  upgrading  in  the  most  cost  effective  manner  to  achieve  a  specified 
measurement  accuracy  goal. 

lu)n%nXd^, 

DONALD  M.  MONTANA 
Contract  Engineer 


INTRODUCTION  AND  SUMMARY 


This  technical  report  contains  a  description  of  the  theoreti¬ 
cal  and  experimental  study  conducted  and  the  results  obtained  in 
the  measurement  of  large  objects  at  the  Radar  Target  Scattering 
Site  (RAT  SCAT),  White  Sands  Missile  Range.  The  objective  set 
for  this  effort  was  to  determine  the  magnitude  and  complexity  of 
the  addition  to  and  modification  of  the  existing  RAT  SCAT  faci¬ 
lity  necessary  (1)  to  obtain  radar  cross  section  data  on  targets 
up  to  60  feet  in  length  and  (2)  maintain  the  quality  of  the 
measurement  data  so  that  it  is  comparable  to  the  quality  of  the 
data  obtained  on  smaller  targets.  This  study  consisted  of  a 
methodical  comparison  of  the  several  possible  solutions  of  the 
near  field  problem  via  a  theoretical  investigation  and  experi¬ 
mental  measurements  and  field  tests  performed  at  the  Fort  Worth 
Division  radar  range  and  the  RAT  SCAT  facility. 

The  present  capability  of  accurately  measuring  the  full- 
scale  static  radar  cross  section  of  very  large  vehicles  over  the 
RAT  SCAT  frequency  range  of  0.03  to  12  gigahertz  is  extremely 
limited.  Reasonably  accurate  radar  cross  section  measurements 
are  commonly  based  on  the  criterion  that  the  target- to-radar 
range  equal  the  overall  target  length  squared  times  the  recip¬ 
rocal  of  the  operating  wavelength  (R  -  2D ^/JO  .  Thus  as  target 
length  increases,  the  maximum  frequency  available  for  accurate 
measurement  decreases  rapidly. 

On  the  basis  of  previous  RAT  SCAT  experience,  it  appears 
that  there  are  two  distinct  classes  of  vehicles  to  be  measured: 

(1)  nose  cones  and  other  small  aerospace  objects  which  are  well 
within  the  capability  of  the  RAT  SCAT  equipment  and  (2)  large 
payloads  or  entire  vehicles,  including  propulsion  packages, 
whose  physical  dimensions  exceed  the  design  limits  of  the 
measurement  equipment.  The  latter  group  is  of  interest  in 
this  study  since  only  limited  frequency  coverage  can  presently 
be  furnished  for  measuring  this  type  of  object.  Consequently, 
effort  was  specifically  placed  on  defining  the  most  practical 
method  of  obtaining  measurements  of  +1  dB  quality  of  a  large 
object,  30  to  60  feet  in  length,  at  the  RAT  SCAT  facility. 

This  work  included  a  theoretical  investigation  of  several  possibl 
methods,  an  experimental  investigation  conducted  to  validate  the 
theoretical  results,  and  a  trade-off  study  which  resulted  in  the 
selectior  of  the  most  promising  approaches  for  future  implementa¬ 
tion  at  "  J  SCAT. 
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The  theoretical  and  experimental  investigation,  reported 
in  Section  I  of  this  report,  consisted  in  evaluating  the  following 
measurement  methods: 

1 .  Scaling  techniques 

2.  Long  range  and  high  power  technique 

3.  Simulation  of  far-field  conditions  by  use  of  a 
unique  antenna  configuration 

4.  Analytical  correction  of  near- field  data  to 
approximate  far-field  results. 

The  evaluation  of  the  above  methods  was  oriented  toward 
determining 

1.  The  degree  of  accuracy  theoretically  possible 

2.  The  speed  with  which  data  can  be  acquired 

3.  The  relative  cost  (both  initial  cost  and  operating  cost) 

4.  The  type  of  personnel  required  to  obtain  good  data  on 
an  operational  basis  (engineers  or  technicians) . 

The  experimental  investigation  was  oriented  toward  validating 
candidate  solutions  on  the  basis  of  how  closely  the  theoreti¬ 
cally  determined  accuracy  can  be  approximated  under  real-world 
conditions. 

Section  II  contains  a  description  of  the  trade-off  study. 

This  effort  was  based  on  the  theoretical  evaluation  and  experi¬ 
mental  testing,  and  it  resulted  in  the  selection  of  the  most 
suitable  method  of  performing  radar  cross  section  measurements 
on  large  objects.  The  factors  given  primary  consideration  in 
selecting  a  method  were 

1.  Adaptability  to  field  operation 

2 .  Accuracy 

3.  Cost  ^ initial  cost  and  operating  cost). 

The  conclusions  and  recomnendatlons  reached  in  this  study 
are  discussed  in  Section  3.  The  recommendations  take  the  form 
of  a  specification  of  the  RAT  SCAT  equipment  modifications 
required  and  a  specification  of  necessary  procedures. 

In  summary,  the  long-range  and  high-power  method  was  selected 
«s  the  primary  means  of  large  object  radar  cross  section  measure¬ 
ment.  Uiis  approach  allows  a  direct  extension  of  the  measurement 
procedures  presently  used  at  RAT  SCAT  and  the  equipment  sensiti¬ 
vity  is  adequate  with  minor  modifications  from  Band  0  (30  mega- 
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hertz)  through  Band  5  (4  gigahertz)  and  in  Band  6  over  the  target 
length  region  of  30-  to  40- feet;  a  maximum  range  length  of  30,000 
feet  is  required  in  this  case.  To  iiccommodate  the  remaining 
target  sizes  and  frequencies,  a  new  range  length  of  21,000  feet 
was  selected  and  a  technique  was  chosen  which  makes  use  of  a 
dielectric  lens  to  correct  the  field  phase  curvature  which  at 
the  higher  frequencies  becomes  excessive.  Tests  conducted  at 
RAT  SCAT  confirmed  the  feasibility  of  operation  at  these  range 
lengths  and  the  expected  accuracy  is  considered  sufficient  to 
offset  the  disadvantages  introduced  by  using  the  lens  of  addi¬ 
tional  range  setup  time  and  time  lost  due  to  inclement  weather 
conditions.  In  addition,  the  small  utilization  rate  required 
of  the  lens  significantly  reduces  the  impact  of  these  disadvan¬ 
tages  . 

The  long  range  and  high  power  investigation  indicated  that 
the  range  length  associated  costs  such  as  control  cable  and 
sensitivity  improvement  equipments  were  significantly  greater 
than  the  cost  of  the  dielectric  lens  and  the  increased  cost  of 
measurement  time  required  using  the  lens. 

In  the  scaling  method  investigation,  the  errors  were  found 
to  be  excessive  except  under  conditions  where  target  fabrication 
costs  were  excessive;  in  addition,  a  severe  problem  was  found  to 
exist  in  the  area  of  target  support  reduction  requirements  at 
the  higher  frequencies  (35  gigahertz,  was  highest  frequency 
considered  based  on  availability  of  power).  The  analytical 
correction  of  near  field  data  method  was  found  to  be  unfeasible 
because  of  the  random  nature  of  the  errors  introduced  at  range 
lengths  significantly  less  than  2Erfy.  Although  the  actual 
error  levels  encountered  using  range  lengths  on  the  order  of 
were  not  large,  on  the  average,  the  errors  incurred  at  individual 
aspects  were  considered  excessive. 


SECTION  I 


TECHNICAL  INVESTIGATION 


Details  of  the  theoretical  and  experimental  study  are 
discussed  in  this  section  in  terms  of  the  four  basic  methods 
investigated.  The  primary  emphasis  is  placed  on  range  length 
requirements  (and  corresponding  equipment  sensitivity  require¬ 
ments)  and  the  impact  of  the  selection  of  a  technique  on  measure¬ 
ment  accuracy,  adaptability  to  field  operations,  and  cost. 

Except  in  the  case  of  special  measurement  techniques,  the 
range  length  requirement  is  based  on  providing  a  sufficiently 
uniform  phase  illumination  function  at  the  target.  This  effect 
is  recognized  as  a  limitation  on  the  accuracy  of  radar  cross 
section  measurements.  The  criterion  commonly  employed  to  reduce 
this  error  to  an  acceptable  level  is  that  of  allowing  R  >  2D^/^ 
where  R  is  the  range  length,  D  is  the  minimum  target  dimension, 
and  P(  is  the  radar  wavelength.  Thus  it  is  necessary  to  provide 
very  long  range  lengths  or  means  of  correcting  the  incident 
phase  front  in  some  cases  of  large  object  measurements. 

On  the  basis  of  the  present  RAT  SCAT  capability,  the  limita¬ 
tion  on  accuracy  is  commonly  specified  as  a  normally  distributed 
error  function  whose  standard  deviation  is  1  dB.  It  is  assumed 
that  normally  distributed  errors  are  introduced  by  use  of  a 
technique  or  associated  features  that  differ  from  those  presently 
used  at  RAT  SCAT,  the  acceptable  error  can  be  specified  by  a 
standard  deviation  on  the  order  of  0.5  dB.  This  level  represents 
the  total  permissible  additional  degradation  of  the  measurement 
data. 


Adaptability  to  field  operations  is  a  measure  of  how  well 
present  RAT  SCAT  equipments  and  procedures  meet  the  require¬ 
ments  for  the  measurement  of  large  objects. 

The  costs  associated  with  each  of  the  measurement  methods 
under  consideration  necessarily  include  both  initial  and  recurring 
costs.  Significant  factors  include  initial  cost  of  method 
implementation  and  other  costs  peculiar  to  each  technique. 
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Since  the  long  range  and  high  power  method  is  retained  as 
the  basic  measurement  approach,  equipment  or  process  items  common 
to  all  methods  are  included  in  the  discussion  associated  with 
this  method. 


1.1  Scaling 


1.1.1  General 


To  obtain  radar  cross  section  data,  electrodynamic  simili¬ 
tude  laws  have  been  extensively  used  to  scale  targets  for  measure¬ 
ments  at  short  ranges  and  selected  frequencies  rather  than  con¬ 
tinuous  frequency  coverage  and/or  long  ranges.  Consequently,  the 
major  Advantages  and  disadvantages  of  the  scaling  technique  are 
middy  publicized.  However,  not  much  quantitative  information 
is  available  for  ascertaining  the  practical  generality,  the  ac¬ 
curacies,  and  the  cost  of  using  scaling  at  RAT  SCAT  to  obtain 
data  on  targets  to  60  feet  in  length  at  frequencies  between  .03 
and  12  gigahertz  to  the  accuracies  required.  In  particular,  the 
advantages  of  scaling  relative  to  the  overall  study  are  the  reductions 
in  range  length  ana  target  handling  time,  and  the  primary  disad¬ 
vantages  are  related  to  equipment  and  target  fabrication  costs, 
lienee,  the  objective  set  for  this  theoretical  investigation  was  to 
obtain,  in  conjunction  with  available  data,  sufficient  information 
to  make  a  high-confidence,  realistic  evaluation  of  the  applicability 
of  solving  the  RAT  SCAT  large- target  problem  via  scaling. 

The  conditions  for  scaling  or  electrodynamic  similitude  have 
been  delineated  by  Stratton  (Reference  1) ,  and  they  can  be  reduced 
to  the  form  of  two  characteristic  parameters  C^  and  C2  which  must 
be  invariant  to  a  change  in  scale. 

*  2  2 

€  (/L.)  «  a+A—JL. —  ■  C2  (1.1-1) 

T  T 

where 

-  permeability 
€  -  permittivity 

A  ■  conductivity 
$  -  characteristic  dimension 
T  ■  wave  period. 

The  case  of  interest  in  scaling  is  commonly  that  of  target 
fabrication  based  on  highly  conductive  and/or  perfect  dielectric 
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materials,  la  these  cases,  the  scaling  low  normally  used  is 
obtained  from  the  above  relation  containing  C^.  The  practical 
consideration  in  these  cases  is  that  of  maintaining  a  constant 
//\  .  In  this  case,  it  can  be  demonstrated  that  the  cross 
section  relationship  is 


Os  “  <To  s2 


(1.1-2) 


where  S  and  0  subscripts  respectively  refer  to  scaled  and  full- 
scale  targets,  and  S  is  the  scaling  factor.  Hence,  in  the  cases 
where  the  conductivity  is  zero  or  infinite,  the  only  consideration 
is  the  practical  ability  to  maintain  a  constant  J{/X  ratio  by 
using  the  same  material  on  the  model  as  that  used  on  the  full- 
scale  target  since  the  cross  sections  of  the  scaled  and  full- 
scale  targets  are  related  in  a  simple  manner.  However,  in  all 
cases,  the  conductivity  is  in  the  range  0<A<00.  Hence,  to  be 
exact,  the  relation  involving  C2  must  also  be  satisfied;  con¬ 
sequently,  A  s  must  equal Ao/S.  The  effect  of  this  approximation 
depends  upon  the  type  of  scatter  as  well  as  the  range  of  A  .  For 
example,  in  the  large  ka  region  where  the  scattering  is  primarily 
specular,  the  cross  section  of  a  medium- to- large  dielectric  constant 
target  can  be  approximated  by 

<r-  <rmP2  d-i-3) 


where 

<Tm  ■  cross  section  of  perfect  conducting  target  of 
same  configuration 

r  -  ( (7r  |i-  jf**'  -  i)/(r 1 1  -  j  ^7- + 1) 

■  plane  surface  reflection  factor 
£r  -  dielectric  constant 


It  can  be  seen  that  only  in  a  limited  range  will  the  influence 
of  A  noticably  affect  the  cross  section.  In  addition,  if  the 
scale  factor  Is  correctly  selected,  depending  upon  A  ,  f  r,  and 
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A  ,  the  cross  section  error  caused  by  not  scaling  conductivity 
can  be  minimized. 


In  contrast  to  the  above  example  just  discussed  is  the  case 
of  a  low- dielec trie  constant,  low-loss  material.  In  Equation 
1.1-4  is  the  expression  which  has  been  found  to  describe  the 
minimum  cross  section  return  from  a  styrofoam  right  circular 
cylinder  (Reference  2). 

<T-  L2  (kod)3  U5)2  (A1)2  <er-l)2/2  (1.1-4) 

L  -  Length  of  column 
d  -  Diameter  of  column 

£  ■  Humber  proportional  to  conductivity  and 
independent  of  frequency 
k  -  2 7fj\ 

^  ■  Relative  dielectric  constant  of  styrofoam. 

If  Equation  1.1-4  is  used  to  compute  the  cross  section  on  the 
basis  of  the  scaling  laws,  flTg  is  equal  to  fl"  q  since  ^  lg  is 
equal  to  4  1q/S.  This  apparent  discrepancy  is  due  to  the 
dependence  of  the  styrofoam  conductivity  on  frequency.  Hence  in 
this  case,  if  the  conductivity  was  doubled,  the  scaled  model  cross 
section  would  be  in  error  by  20  log  S  if  the  normal  cross  section 
scaling  law  stated  in  Equation  1.1-2  was  used.  This  example  indi¬ 
cates  that  the  frequency  dependence  of  materials  and  targets  must 
at  least  be  considered  when  the  cross  section  is  directly  dependent 
upon  the  material  constants.  These  cases  are  likely  to  be  pre¬ 
valent  in  the  examination  of  absorbers  and  minimum  cross  sections 
of  low- loss  materials,  as  illustrated  in  the  above  example.  Al¬ 
though  the  majority  of  targets  are  likely  to  be  of  the  large- 
conductivity  class  (metal) ,  the  techniques  and  feasibility  of 
handling  material  problems  is  considered  in  the  Investigation 
in  order  to  ascertain  correctly  the  generality  and  cost  of  using 
scaling  to  obtain  accurate  cross  section  data  on  large  targets. 

Another  limitation  on  the  selection  of  the  scale  factor  or 
scaled  frequency  is  related  to  the  sensitivity  requirements  imposed 
upon  the  measurement  system.  The  influence  of  scaling  on  range 
and  consequently  on  power  requirements  can  be  seen  by  considering 
a  modified  form  of  the  radar  range  equation: 


!r  -  k1 

Pt  R* 


(1.1-5) 
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where 


^ . 


PR  -  received  power 
?t  «  transmitted  power 
<T  "  radar  cross  section 
X  -  operating  wavelength 
R  -  range. 

It  will  be  noted  that,  in  this  equation  form,  antenna  gain  is 
constant  under  the  assumption  that  the  maximum  practical  gain  will 
be  used.  If  an  accuracy  requirement  is  assumed  to  be  rf  the  form 

R  -  (1.1-6) 

where  p  is  a  constant,  Equation  1.1-5  can  be  written 


for  the  full-scale  case.  Since  the  scale  factor  S  can  be 
expressed  as 


Xs  _  DS  _  (Ts  ^ 

Xo  Do  (To  (1.1*7) 


then 


K  OS  lls 

D® 

S 


The  influence  of  scaling  on  the  range  required  can  be  seen 
by  consideration  of  Equation  1.1-6.  Upon  substitution  of  the 
usual  scaling  relations,  Equation  1.1-6  becomes 


V*0  -  S 


(1.1-8) 
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Thus  it  can  be  seen  that  u ca  of  the  scaling  technique  reduces  the 
severity  of  the  minimum  range  requirements.  On  the  basis  of  the 
above  relationship,  it  can  be  seen  that,  under  the  assumed  con¬ 
ditions,  scaling  introduces  no  change  in  radar  sensitivity  re¬ 
quirements  over  the  full-scale  requirements,  but  it  reduces  the 
range  requirement  in  proportion  to  the  scale  factor.  However, 
it  should  be  noted  that  obtaining  the  required  sensitivity  is  more 
costly  at  the  higher  frequencies  and  the  maximum  scaled  2  D 2 /A 
can  be  large. 

Another  important  feature  in  the  scaling  investigation  is 
that  of  target  support  requirements.  As  indicat  ;d  by  Equation 
1.1-2,  the  scaled  cross  section  decreases  at  a  rate  of  20  dB  per 
decade  of  scale  factor  (or  frequency),  and  in  Equation  1.1-4,  the 
minimum  cross  section  of  the  styrofoam  columns  increases  at  a 
rate  of  30  dB  per  decade  of  frequency  for  a  given  column  size. 
Thus,  there  is  a  potential  target- to- support  column  cross  section 
margin  reduction  of  50  dB  per  decade  of  frequency  change,  and 
this  change  can  introduce  severe  errors. 

Significant  aspects  of  these  features  are  discussed  in  detail 
in  the  following  paragraphs.  The  results  of  the  investigation 
are  limited  to  the  characteristic  dimension  region  of  300  £  ka£ 
5000  and  the  scaling  factor  region  0.05$  S$  0.5.  The  errors 
resulting  from  a  limited  degree  of  attention  to  detail  in  model 
fabrication  are  presented  in  terms  of  cross  section  magnitude, 
peak  envelope,  and  lobe  structure  errors.  This  categorization 
of  errors  is  appropriate  because  of  the  fine  lobe  structure 
associated  with  the  large  ka  values  for  which  this  measurement 
method  is  most  appropriate. 

1.1.2  Sensitivity  Requirements 


As  indicated  in  paragraph  1.1.1,  the  equipment  sensitivity 
requirements  are  invariant  to  the  scale  factor  imposed.  There¬ 
fore,  the  sensitivity  requirements  defined  for  the  more  tractable 
full-scale  case  can  be  used  to  define  requirements  for  the  cas'-* 
in  which  a  range  length  of  2  P'-/A  is  maintained.  Data  germane  to 
this  requirement  is  subsequently  discussed  in  paragraph  1.2.2 
and  1.2.3  in  which  the  design  radar  cross  section  of  -30  dBsm  and 
the  maximum  sensitivity  factor  of  74  dBW 2 (Figure  1.2-11)  are  defined. 
This  sensitivity  factor  is  defined  as  PG  /(NF)(B)  where  P  is  the 
peak  power  transmitted  G  is  the  antenna  gain,  NF  is  the  system 
noise  figure,  and  B  is  the  noise  bandwidth.  A  description  of  the 
required  radar  system  features  is  presented  in  Table  1.1-1. 


Table  1.1-1  SCALING  METHOD  MEASUREMENT  EQUIPMENTS 


Frequency 

35  GHz 

Bandwidth*(l  MHz) 

61  dB 

Noise  Figure 

15  dB 

Antenna  Gain 

48  dB 

Power 

53  dBW 

2 

PG 

73  dBW 

(B)  (NF) 

Area  Cost 

$200,000 

*Based  on  a  9-dB  noise  improvement  over  a  10-gigahertz 
bandwidth 

The  tabulated  data  are  1  dB  less  than  the  maximum  requirement, 
but  it  is  anticipated  that  an  additional  1  dB  can  be  made 
available.  In  any  case,  the  system  will  allow  measurement  of 
more  than  99  percent  of  the  target  and  frequency  combinations 
expected. 

1.1.3  Scaling  Frequencies 

The  selection  of  scaling  frequencies  is  based  on  the  considera 
tions  associated  with  the  degree  of  flexibility  provided  and  the 
availability  of  equipments.  An  examination  of  the  high-power 
equipment  available  for  operation  at  12  gigahertz  and  above 
resulted  in  an  obvious  preliminary  selection  of  the  frequencies 
12,  17,  35,  and  80  gigahertz.  On  the  basis  of  the  equipment 
available,  including  moderate  development  effort,  the  80-gigahertz 
frequency  is  not  attractive  and  may  not  be  feasible  because  of  the 
limited  power  available  and  such  practical  problems  as  waveguide 
breakdown. 

The  degree  of  flexibility  is  based  on  the  availability  of 
scaling  factors  in  the  range  0.1  £  S  £0.5.  The  0.5  boundary 
is  assigned  on  the  basis  that  reduction  in  the  range  length  to 
more  than  0.5  is  not  an  attractive  solution,  and  the  0.1  boundary 


11 


is  assigned  on  the  basis  of  the  potential  problems  with  target 
supports  which  are  discussed  in  paragraph  1.1.6.  In  any  case,  the 
choice  of  scaling  frequency  is  not  a  sensitive  function  of  the 
boundries  selected.  The  flexibility  in  the  choice  of  12-  and  35- 
gigahertz  scaling  frequencies  is  illustrated  in  Figure  1.1-1  in 
terms  of  the  alternate  full-scale  frequencies  as  a  function  of  the 
use  of  the  selected  full-scale  frequency  as  a  scaling  reference. 

On  the  basis  of  these  data,  it  can  be  seen  that,  if  a  target  is 
scaled  from  12  to  35  gigahertz,  the  highest  alternate  full-scale 
frequency  for  use  with  the  same  target  model  Is  4.1  gigahertz. 

This  value  represents  the  case  of  using  a  scaled  frequency  of  12 
gigahertz.  Thus,  for  the  case  selected,  data  could  not  be  ob¬ 
tained  over  the  range  4.1  £  F0  £  12  by  using  a  single  model. 
Similarly,  a  target  model,  based  on  a  reference  full-scale  frequency 
scaled  to  12  gigahertz,  will  allow  the  simulation  of  (1)  ary  full- 
scale  frequency  below  the  reference  (since  RAT  SCAT  coverage  will 
be  continuous  below  12  gigahertz)  and  (2)  a  spot  frequency  at 
which  35-gigahertz  scaling  can  be  used.  This  spot  frequency  is 
shown  as  the  curve  labeled  equivalent  35  gigahertz  in  Figure  1,1-1. 
Thus  it  can  be  seen  that,  in  measurement  frequencies  in  the  range 
greater  than  6  gigahertz,  one  model  will  be  required  for  each 
full-scale  frequency,  but  below  6  gigahertz  one  model  will  suffice 
in  addition  to  possibly  providing  a  correct  scale  factor  for  one 
full-scale  frequency  higher  than  6  gigahertz  for  use  at  the  35- 
gigahertz  scaling  frequency.  An  examination  of  the  operational 
data  shown  in  subsection  1.5  will  reveal  that  75  percent  of  the 
time  the  required  measurement  frequency  will  be  less  than  6  giga¬ 
hertz  and  that,  on  the  basis  of  RAT  SCAT  experience,  the  average 
number  of  frequencies  required  in  a  measurement  program  is  approxi¬ 
mately  5.  Thus  it  appears  that  2  target  models  with  different 
scale  factors  will  suffice  for  the  average  measurement  program. 

It  is  clear  that  the  use  of  an  80-gigahertz  scaling  fre¬ 
quency  would  limit  the  flexibility  more  than  use  of  the  35-giga¬ 
hertz  scaling  frequency  because  of  the  more  extreme  scaling  factors 
required.  A  scaling  frequency  in  the  vicinity  of.  17  gigahertz 
will  allow  greater  flexibility  but  will  require  scaling  factors 
significantly  greater  than  the  0.5  boundary  assigned  in  order  to 
scale  from  a  12-gigahertz  full-scale  frequency. 

1.1.4  Perfect  Conductor  Scaling 

The  objectives  set  for  this  task  were  those  of  realistically 
simulating  and  evaluating  the  effects  of  the  model  inaccuracies 
anticipated  in  scaling  large,  perfectly  conducting  targets  for 
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measurement  at  frequencies  of  35  gigahertz  and  below  12  gigahertz. 
The  steps  used  in  meeting  these  objectives  can  be  summarized  as 
(1)  the  computation  of  cross  section  by  using  physical  optics 
formulas  for  representative  types  of  large  objects,  (2)  the  intro¬ 
duction  of  realistic  construction  inaccuracies  and  the  recomputation 
of  cross  section,  (3)  the  use  of  the  data  attained  in  steps  1  and 
2  to  define  a  realistic  range  of  target  aspect  angles,  ka  regions, 
and  construction  accuracies,  (4)  the  analysis  and  subsequent  re¬ 
lation  of  the  simulated  measurement  errors  generated  in  steps  1, 

2,  and  3  to  technical  feasibility  and  model  cost,  and  (5)  a  com¬ 
parison  of  theoretical  and  experimental  data. 

The  computer  program  used  to  perform  the  sequential  computa¬ 
tions  is  described  in  Appendix  A.  Approximately  150,000  computa¬ 
tions  were  made  to  obtain  data  for  the  purposes  described  above. 

A  total  of  nine  geometries  were  used  to  represent  the  class  of 
large  (30-  to  60-foot),  perfectly  conducting  targets  of  interest. 

The  electrical  size  (ka)  range  used  in  studying  each  of  these  tar¬ 
gets  was  between  10  and  5000,  and  the  cross  section  was  examined 
at  no  less  than  150  aspects  in  order  to  generate  the  complex 
patterns  representative  of  large  objects. 

The  target  configurations  used  in  the  computer  study  are 
depicted  in  Figure  1.1-2  (solid  lines).  Also  noted  in  the  figure 
(dashed  lines)  are  the  construction  anomalies  which  were  simulated 
in  each  case.  The  type  anomalies  indicated  in  Figure  1.1-2  are 
considered  typical  of  those  which  will  be  encountered  in  model 
fabrication,  and  combinations  were  selected  on  the  basis  of  those 
considered  to  be  representative  of  anomalies  which  would  actually 
be  encountered  in  practice.  The  magnitudes  of  the  anomalies  were 
selected  to  cover  a  range  of  construction  tolerances  between 
costly  precision  machine  shop  models  and  relatively  inexpensive 
models  on  which  normal  tolerances  on  the  detailed  components  might 
be  exceeded  several  orders  of  magnitude.  In  addition,  the  magni¬ 
tudes  of  the  anomalies  were  selected  to  be  somewhat  larger  than 
those  indicated  for  state-of-art  machine  shop  practice  in  order  to 
account  for  human  errors  along  with  errors  in  obtaining  accurate 
full-scale  drawings  and/or  measureme  ts.  In  this  approach,  each 
of  the  anomaly  magnitudes  used  in  the  study  is  considered  to  be 
representative  in  that  they  should  not  be  exceeded  more  than 
5  percent  of  the  time. 

The  anomaly  magnitudes  used  in  the  study  are  indicated  in 
Figure  1.1-3  in  terms  of  tolerances  in  inches  versus  percent  of 
the  base-scale  factor  of  each  of  the  scale  factors  used  in  the 
study.  Also  indicated  in  the  figure  are  the  scale-model  size 
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ranges  associated  with  each  of  the  scale  factors.  The  fact  that 
scale  factor  and  model  size  are  interrelated  is  a  consequence  of 
the  size  limits  placed  on  the  full-scale  targets  (30  to  60  feet). 
Also,  the  two  sets  of  curves  (one  for  low  values  of  base  scale  factor 
and  the  other  for  the  high  values)  are  a  consequence  of  placing 
realistic  tolerances  on  the  basic  shape  sizes  (low  values)  and  on 
the  detailed  items,  such  as  nuts,  bolts,  and  small  appendages  (high 
values).  The  actual  values  computed  appear  in  Table  1.1-2. 

The  data  presented  in  Figure  1.1-3  are  related  to  model  cost 
in  Figure  1.1-4.  The  scale  of  the  cost  axis  in  the  figure  is  con¬ 
sidered  a  realistic  area  estimate  at  this  time,  it  is  based  on 
model  cost  information  obtained  from  current  or  recently  completed 
programp  in  which  models  were  fabricated  for  cross  section  measure¬ 
ments.  Also,  the  cost  data  on  relatively  simple  geometries  and 
that  on  models  involving  the  assembly  of  many  detailed  parts  were 
averaged  to  arrive  at  a  single  cost  scale  as  a  function  of  model 
size  and  tolerances.  Hence  the  cost  data  related  to  a  given  model 
size  and  tolerance  should  be  low  for  a  complex  target  and  high  for 
a  simple  model. 

To  relate  the  information  presented  in  Figure  1.1-4  to  the 
measuiement  error  which  can  be  expected  on  the  basis  of  a  given 
model  cost  and  target  size,  it  is  necessary  to  use  the  error  data 
presented  in  Figures  1.1-5  through  1.1-31.  The  error  data  pre¬ 
sented  in  these  figures  were  obtained  by  using  the  targets  depicted 
in  Figure  1.1-2  and  the  anomaly  magnitude  ranges  shown  in  Figure 

1.1- 3.  In  the  case  of  each  target  type,  error  data  are  presented 
in  terms  of  (1)  cumulative  error  (70  percentile  or  the  1(T point), 

(2)  peak  envelope  error,  and  (3)  lobe-width  error.  These  three 
types  of  error  data  are  presented  in  Figures  1.1-5,  1.1-6,  and 

1 . 1- 7  for  the  case  of  the  cone-cylinder  type  of  target.  The  sub¬ 
sequent  figures  contain  data  on  the  remaining  target  types. 

The  cumulative  error  data  were  obtained  by  averaging  the 
Cross  section  error  computed  for  at  least  150  aspect  angles  at 
pach  ka  and  for  each  target  anomaly  magnitude.  The  peak  envelope 
error  was  obtained  in  a  similar  manner;  however,  use  was  made  only 
of  those  data  obtained  in  the  aspect  vicinity  of  the  peak  cross 
section  values  of  the  reference  (i.e.,  the  cross  section  values 
of  the  perturbed  geometry  were  compared  with  the  reference  geo¬ 
metry  in  the  vicinities  of  the  lobe  maximums).  The  lobewidth 
errors  were  obtained  by  (1)  comparing  the  lobe  widths  of  the 
perturbed  geometry  with  those  of  the  reference  in  corresponding 
aspect  regions  and  (2)  averaging  the  results. 
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ANALYTICAL  TARGETS  DESCRIPTION  (SHEET  1) 
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Cylinder  I  8x 4  I  I  16x8 


Table  1.1-2  PERFECT  CONDUCTOR  SCALING  ANALYTICAL  TARGETS  DESCRIPTION  (SHEET  2) 


In  Figures  1.1-32  through  1.1-40  typical  cross  section 
data  are  shown  for  the  case  of  each  of  the  nine  target  types 
used  in  the  study.  In  each  of  the  cases  shown,  the  cross 
section  data  of  the  unperturbed  geometry  is  presented  along  with 
the  data  for  the  worst  case  anomaly  used  in  the  aspect  region 
and  for  the  ka  value  indicated  on  each  figure. 

By  combining  the  error  data  presented  in  Figures  1.1-5 
through  1.1-32  with  the  cost  information  presented  in  Figure 

1.1- 4,  the  expected  cost  of  obtaining  high-quality  data  via  the 
scaling  technique  can  be  ascertained  once  the  acceptable  error 
limits  are  selected  and  the  number  of  models  and  ka  region  per 
model  are  selected. 

The  experimental  program  devoted  to  perfect  corductor 
scaling  was  based  on  obtaining  valida' ion  data  on  targets  similar 
to  target  types  2,  8,  and  9,  as  illustrated  in  Figure  1.1-2. 

The  actual  configurations  used  in  the  program  are  illustrated 
in  Figure  1.1-41.  Photographs  of  typical  target  components  are 
presented  in  Figures  1.1-42  and  1.1-43;  typical  data  obtained 
at  35  gigahertz  are  illustrated  in  Figures  1.1-44  through  1.1-47. 
Figures  1.1-44  and  1.1-46  contain  reference  data  on  targets 
2A  and  9A,  and  Figures  1.1-45  and  1.1-47  represent  the  resulis 
obtained  from  imposing  the  indicated  perturbation  levels  on  each 
of  the  targets. 

Theoretical  data  obtained  on  target  2A  are  shown  in  Figures 

1.1- 48  through  1.1-50.  In  this  example,  an  attempt  was  made 

to  accurately  duplicate  the  target  configuration  for  the  measure¬ 
ment  and  the  computed  data.  This  example  indicates  the  fine 
grain  structure  of  the  pattern,  even  at  the  low  ka  value  of 
1200,  when  it  is  compared  with  the  experimental  pattern  shown 
in  Figures  1.1-44  or  1.1-45.  It  should  be  noted  that  these  pat¬ 
terns  are  expanded  by  a  factor  of  2  so  that  the  minor  divisions 
on  the  abcisvsa  represent  one  degree  of  azimuth  rather  than  the 
commoner  2-degree  increment. 

The  error  data  derived  from  the  experimental  data  is  shown 
in  Figures  1.1-51  through  1.1-53.  These  data  are  in  the  form 
of  the  cumulative  density  distribution  on  the  error  in  dB  between 
a  reference  configuration  and  the  same  configuration  after  a 
perturbation  has  been  introduced.  Because  of  the  relatively 
unstable  point-to-point  data  obtained  from  the  measurement  of 
large- ka  targets,  especially  at  the  high  frequency  of  35  giga¬ 
hertz,  a  number  of  repeated  runs  were  made  in  order  to  obtain 


a  measure  of  the  statistics  of  the  basic  measurement  system. 

As  a  result  of  this  effort*  a  number  of  c^milative  density 
curves  were  obtained  with  an  average  standard  deviation  of 
1.07  dB.  This  value  wag  used  in  interpreting  the  error  data 
to  obtain  an  accurate  measure  of  the  influence  of  the  pertur¬ 
bations  through  the  common  relationship 

1/2 

Cp  -  [<rM2  -  (1.07)2]  *  (1.1-9) 

for  distributions  which  are  approximately  Gaussian.  The  results 
of  this  process  are  plotted  as  extra  data  points  or>  the  theoreti¬ 
cal  data  shown  in  Figures  1.1-9,  1.1-27,  and  1.1-30.  The  values 
obtained  are  compatible  and  within  the  error  spread  predicted 
as  a  result  of  the  theoretical  analysis. 

An  additional  consideration  in  the  scaling  of  targets 
is  that  of  the  requirements  for  the  material  used  in  fabrica¬ 
tion  and  the  material  used  as  a  coating  to  simulate  the 
characteristics  of  metal  targets.  In  the  case  of  target  fab¬ 
rication  in  which  common  construction  materials,  such  as 
aluminum, are  used  no  consideration  of  surface  material  is 
necessary  because  the  conductivity  of  the  material  is  a  large 
value  (on  the  order  of  10^  mhos  per  meter)  and  in  this  range 
the  influence  of  small  changes  in  conductivity  is  negligible, 
especially  whan  the  primary  scattering  is  specular.  In  addi¬ 
tion,  computations  were  made  at  the  Fort  Worth  Division  by 
applying  the  rigorous  scattering  formulation  for  a  sphere, 
whose  conductivity  was  finite,  and  the  results  were  used  to 
demonstrate  that  the  influence  of  a  wide  range  of  large  con¬ 
ductivities  was  negligible  in  the  case  of  all  scattering  mechanisms 
of  the  sphere. 

Experience  in  target  construction  at  GD/FW  has  indicated 
that  reasonable  care  in  coating  nonmetallic  targets  will  produce 
satisfactory  results,  although  no  definitive  program  has  been 
conduc  ed  to  evaluate  the  total  effect  of  coating  materials. 
Previously  conducted  tests  have  included  the  measurement  of 
right  circular  cylinders  coated  with  a  high-quality  silver 
preparation  in  which  the  data  obtained  closely  approximated 
the  physical  optics  cross  section  predictions.  In  addition, 
from  a  theoretical  viewpoint,  there  appears  to  be  no  problem 
in  providing  an  adequate  coating  on  nonmetallic  targets  either 


in  terms  of  conductivity  or  thickness.  The  tendency  for  RF 
energy  to  remain  near  the  surface  of  a  conductor  reduces  the 
requirement  for  care  in  joint  construction  as  well  as  that  in 
metallic  coating  thickness.  This  feature  is  commonly  described 
in  terms  of  the  skin  depth,  d,  given  by 


d  -  (flt>iA)’1/2  (1.1-10) 


where  f  is  the  frequency,  ju.  is  the  material  permeability,  and  A 
is  the  conductivity.  It  can  be  seen  from  Equation  1.1-10  that 
the  skin  depth  is  small  in  the  frequency  and  conductivity  range 
of  interest.  For  example,  at  a  frequency  of  35  gigahertz  and 
a  conductivity  of  10'  mhos  per  meter,  d  is  only  about  8.5  x  10"^ 
cm;  thus  it  can  be  seen  that  several  skin  depths  can  be  obtained 
with  normal  processing. 

1.1.5  Dielectric  Scaling 

The  basic  approach  in  the  area  of  dielectric  scaling  has 
been  that  of  (1)  examination  of  the  range  of  expected  values 
of  material  electrical  properties,  (2)  application  of  these 
values  to  the  scaling  models,  and  (3)  examination  of  the  dielectric 
component  contribution  to  the  total  target  cross  section.  The 
analytical  formulation  of  the  electrical  properties  used  in  the 
analysis  is  of  the  form  exp  (-i  k*  r)  where  k*  is  the  complex 
propagation  constant  commonly  represented  by  kQ  (  * 

kQ  (  €r  -  i  €r  tan^)*-/^  where  £r  is  the  material  dielectric 
constant  and  tan  is  the  loss  tangent.  As  previously  dis¬ 
cussed,  the  scaling  laws  are  commonly  employed  by  maintaining 
a  constant  ratio  of  L/X  and  a  constant  €  and  ^  .  Consequently, 
tan/  must  remain  constant  for  exact  scaling. 

The  two  analytical  models  used  in  the  analysis  for  dielectric 
scaling  evaluation  are  based  on  (1)  the  usual  definition  of  the 
reflection  coefficient  and  (2)  the  radar  cross  section  of  a  die¬ 
lectric  sphere  whose  conductivity  is  finite.  The  error  forms 
are  established  on  the  basis  of  the  fact  that,  in  ideal  scaling, 
no  chAnge  in  the  reflection  coefficient  will  occur  and  the 
sphere  cross  section  will  change  as  the  square  of  the  scale 
factor.  Thus  the  error  E  in  the  reflection  coefficient  model 
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is 


E  -  20  log  ^liL 


and  in  the  spherical  model 


E 


10  log 


(1.1-11) 


where  S  is  the  scale  factor  and  the  s  and  o  subscripts  are  used 
to  designate  the  scaled  and  base  configuration,  respectively. 

The  results  of  the  analysis  indicate  that  the  reflection  coefficient 
model  will  produce  an  indication  of  considerably  smaller  errors  than 
the  spherical  model. 

In  order  to  define  the  range  of  electrical  properties  of 
interest  in  the  analysis,  a  survey  of  the  range  of  pcrameters  in 
common  materials  was  conducted,  and  the  results  shown  in  Figures 
1.1-54  through  1.1-57  were  obtained.  An  examination  of  these  data 
indicates  that  a  large-percentage  change  should  be  expected  in  the 
loss  tangent  especially  when  a  scaling  frequency  of  35  gigahertz 
is  considered.  This  condition  is  particularly  apparent  in  the  data 
in  Figure  1.1-57  (the  dashed  lines  indicate  areas  of  uncertainty). 
However,  an  examination  of  the  form  of  reflection  coefficient 
equation  (Equation  1.1-11)  will  reveal  the  fact  that  the  results 
obtained  by  using  this  model  are  not  critical  in  terms  of  the 
yalue  of  the  loss  tangent  since  the  dielectric  constant  is  much 
greater  than  the  loss  tangent  in  the  range  of  values  of  interest. 

The  results  obtained  by  using  the  dielectric  spherical  model  were 
found  to  be  sensitive  to  all  parameters. 

The  theoretical  results  of  the  dielectric  scaling  analysis 
#re  shown  in  Figures  1.1-58  through  1.1-61.  The  results  shown 
in  Figure  1.1-58  are  based  on  the  reflection  coefficient  error 
podei.  In  this  model,  the  effect*  of  tan  /  are  insignificant  so 
£hat  the  influence  of  changes  in  dielectric  properties  can  be 
related  to  the  dielectric  constant  alone.  An  examination  of  these 
data  indicate  that  the  worst-case  error  is  not  severe.  In  the 
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extreme  cases,  the  ratios  of  the  scaled  and  the  full-scale 
dielectric  constant  are  2  and  0.5,  and  the  magnitude  of  the  error 
will  be  less  than  3  and  4  dB,  respectively;  the  effect  of  this 
order  of  error  on  the  overall  target  cross  section  will  of 
course  be  small  if  the  dielectric  components  are  physically 
small  relative  to  the  ta.  get  size. 

In  the  spherical  models,  the  influence  of  electrical  property 
changes  is  illustrated  in  Figures  1.1-58  through  1.1-62.  To  obtain 
these  data,  7100  lossy  dielectric  sphere  computations  were  made  on 
the  Fort  Worth  Division  IBM  7090.  Computations  were  made  over  the 
previously  designated  range  of  parameters  by  varying  the  dielectric 
constant  in  steps  of  0.1  and  tan  ✓  in  steps  of  0.003.  The  variation 
in  the  radius  of  the  sphere  was  7v/4  to  3X  .  In  order  to  provide 
a  systematic  means  of  analyzing  the  data  and  presenting  the  results, 
the  data  was  analyzed  in  terms  of  the  error  introduced  by  a  change 
of  0.003  (increasing)  in  tan^  for  a  given  kt  where  k  is  the  propaga¬ 
tion  constant  of  the  material  and  t  is  the  diameter  (analog  of  over¬ 
all  material  thickness).  The  data  displayed  in  Figure  1.1-59  forms 
the  envelope  of  the  maximum  error  level  encountered  at  the  lowest 
kt  value.  In  referring  to  a  given  error  £j  at  a  particular  kt, 

the  error  will  be  less  than  at  a  smaller  kt.  In  general  terms, 

the  error  resulting  from  changes  in  tan  ✓  is  monotonic  and  well 
behaved  so  that  the  onset  of  the  sentitive  areas  are  defined. 

The  influence  of  a  change  of  0.1  (decreasing)  in  the 
dielectric  constant  is  shown  in  Figure  1.1-50.  The  data  display 
is  based  on  the  peak  envelope  error  with  tan  o'"  «  0.002  and  also  for 
the  cases  of  0.002  *  tank's  0.026.  The  results  indicate  that  the 
errors  introduced  by  € r  changes  are  much  more  severe  than  those 
caused  by  tan  ✓  changes.  This  result  is  expected  because  of  the 

relative  values  of  €r  and  tan^.  It  is  of  interest  to  note  that,  in 

view  of  the  general  class  of  materials  which  could  be  used  in  target 
fabrication,  the  maximum  change  expected  in  the  dielectric  constant 
is  10  percent  (e.g.,  5  to  4.5)  over  the  frequency  range  of  interest 
(See  Figure  1.1-54).  This  fact  can  be  used  to  advantage  if  the  kt 
region  of  interest  is  not  located  in  a  critical  region.  The  data 
shown  in  Figures  1.1-61  and  -62  indicate  the  sensitivity  of  the 
cross  section  to  changes  in  ka  for  the  case  of  tan*''  -  0.002.  The 
data  computed  indicates  that  the  errors  introduced  by  a  change  in 
the  dielectric  constant  are  severe  in  the  cases  where  the  sphere 
model  is  applicable.  The  severity  of  the  problem  is  such  that 
no  general  rule  can  be  established  and  each  application  must  be 
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considered  individually.  In  general,  it  appears  that  the  closest 
possible  tolerance  should  be  maintained.  However,  the  implication 
of  the  foregoing  observation  must  be  placed  in  the  proper  perspective 
by  considering  (1)  the  number  of  times  this  model  will  be  applicable, 
and  (2)  the  cross  section  level  of  the  dielectric  component  relative 
to  the  overall  target  cross  section. 

The  acceptable  latitude  in  the  material  property  values  is 
potentially  enhanced  by  the  fact  that  the  dielectric  component  may 
not  be  a  significant  contributor  relative  to  the  basic  target  cross 
section  level.  Evidently  there  is  a  category  of  perturbations  which 
are  small  enough  that  any  attempt  at  scaling  or  possibly  complete 
omission  of  the  perturbation  would  suffice.  This  feature  is  illus¬ 
trated  in  Figure  1.1-63  wherein  the  maximum  error  resulting  from  an 
error  in  the  cross  section  level  of  a  minor  perturbation  is  plotted 
as  a  function  of  the  scattering  from  the  minor  perturbation  relative 
to  that  of  other  scatterers.  The  data  is  presented  in  the  form  of 
constant  contours  of  0.5-  and  1-dB  maximum  error  levels.  The  data 
shown  in  this  figure  was  derived  on  the  basis  of  assuming  that  the 
total  scattered  power  was  of  the  form 


(1.1-12) 


If  the  amplitude  of  B  is  in  error  by  the  factor  a,  the  maximum 
resultant  error  is  given  by  the  ratio  of  the  resultant  signal  at 
the  phase  angle  of  maximum  sensitivity  to  this  type  of  error. 

Thus  the  maximum  error  can  be  written 

(l-art  )2 

(l-*)2  (la'13) 


where  *  B/A. 

The  portion  of  the  experimental  program  oriented  toward  pro¬ 
viding  validation  data  on  dielectric  components  was  conducted  by 
using  target  9A  with  a  layer  of  dielectric  material  attached  to 
Cy-3  and  Cy-5.  In  this  configuration,  the  dielectric  component 
of  the  target  represents  et  significant  portion  of  the  scattering 
contribution  of  the  target.  The  electrical  properties  of  the 


material,  commerical  grade  teflon  and  polyethylene,  were  measured, 
and  the  materials  were  accurately  machined  to  the  dimension 
indicated  in  the  figures.  Data  were  obtained  at  X-Band  (10.75 
gigahertz)  and  at  Ka-Band  (35  gigahertz).  Typical  Ka-band  results 
are  shown  in  Figures  1.1-64  and  1.1-65  for  the  case  of  *3*/4  thickness 
material  of  the  two  types  selected.  These  data  and  similar  runs 
are  compared  on  the  basis  of  the  cumulative  density  on  error  in 
Figures  1.1-66  and  1.1-67.  The  results  indicate  that  the  dielectric 
scaling  problem  is  as  severe  as  that  predicted  on  the  basis  of  the 
theoretical  results.  The  actual  If  point  on  these  curves  of  Ka-Band 
data  must  be  obtained  by  using  equation  1.1-9,  but  the  adjustment 
required  in  the  case  of  the  X-Band  data  is  insignificant  because  of 
the  smaller  target  dimensions  and  the  stability  of  the  X-Band  equip¬ 
ment.  It  appears  that  the  primary  scattering  mechanism  is  specular 
since  the  severest  effects  are  produced  by  materials  with  a  9k  /4 
thickness  (two-way  phase  shift  of  180  degrees).  Therefore,  the 
reflection  coefficient  model  appears  to  be  most  applicable  to  this 
target  configuration.  However,  the  resulting  errors  greatly  exceed 
those  indicated  by  the  data  in  Figure  1.1-64  because  of  the  complex 
nature  of  the  target;  i.e.,  the  interference  pattern  from  the  several 
scattering  centers  will  be  severely  influenced  by  a  small  change  in 
the  phase  or  amplitude  of  the  scattering  of  one  or  more  of  the 
contributors. 

The  results  indicate  that  there  is  no  general  solution  to  the 
accuracy  requirements  associated  with  scaling  dielectric  materials. 
Rather,  each  situation  must  be  treated  individually.  Moreover, 
the  accuracy  requirements  associated  with  common  dielectric  com¬ 
ponents  are  extreme,  especially  when  it  is  necessary  to  maintain 
at  least  3  separate  parameters  to  the  close  tolerances  which  can 
be  inferred  from  the  previous  discussion.  Accuracy  requirements 
will  commonly  impose  the  limitation  of  a  maximum  deviation  of  2 
percent  in  a  parameter  or  dimensional  value.  Although  there  is  a 
wide  range  of  common  materials  available  for  selection,  the  prob¬ 
ability  of  realizing  all  requirements  simultaneously  is  low.  In 
addition,  contacts  with  potential  manufacturers  have  indicated  that 
unreasonably  large  costs  would  occur  if  an  electrical  parameter 
(  £r  or  tan<f  )  with  a  tolerance  closer  than  +10  percent  was 
guaranteed.  The  most  promising  source  of  materials  with  electrical 
parameter  specifications  by  the  user  appears  to  be  U.  S.  Polymeric, 
Inc.,  Santa  Ana,  California. 
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1.1.6  Target  Support  Requirements 

A  potentially  severe  limitation  on  the  utility  of  the 
scaling  technique  is  that  of  the  radar  cross  section  levels  of 
the  styrofoam  (cellular  plastic)  target  supports.  Reference  2 
contains  a  derivation  of  the  minimum  radar  cross  section  obtained 
by  "tuning"  a  right  circular  styrofoam  cylinder,  and  the  results 
indicate  a  significant  reduction  in  the  radar  cross  section. 

However,  the  predicted  reduction  is  limited  by  the  material  con¬ 
ductivity.  This  feature  is  particularly  significant  when  a 
scaling  technique  is  used  since  the  frequency  dependence  of  the 
cross  section  of  the  target  and  the  polyfoam  support  act  to 
reduce  the  differences  in  the  relative  signal  levels  as  the 
frequency  is  increased. 

On  the  basis  of  the  theoretical  prediction  of  the  effects 
of  conductivity  and  the  results  obtained  from  experimentally 
determining  the  frequency  dependence  of  the  conductivity  of 
styrofoam,  the  minimum  cross  section  of  a  right  circular  column 
is  proportional  to  the  third  power  of  the  frequency  (kd).  Thus, 
the  selection  of  a  typical,  unmodified,  styrofoam  column  for  use 
in  a  scaling  application  can  be  expected  to  exhibit  a  minimum 
cross  section  which  is  larger  by  a  factor  of  S"^  at  the  scaling 
frequency.  This  feature  is  illustrated  in  Figure  1.1-68  on  the 
basis  of  experimental  data  obtained  in  the  RAT  SCAT  R&D  program 
(Reference  3).  This  factor,  plus  the  fact  that  the  cross  section 
of  the  scaled  target  will  be  reduced  by  a  factor  of  S^,  can 
theoretically  result  in  a  50-dB-per-decade  reduction  in  the  target- 
support  cross  section  margin. 

Two  means  of  reducing  the  cross  section  of  styrofoam  for  U3e 
in  the  scaling  technique  are  available.  The  first  is  that  of 
reducing  the  size  of  the  support  column.  This  approach  is  attractive 
since  a  drastic  reduction  in  target  weight  can  be  realized  in  the 
scaled  target.  However,  the  use  of  this  approach  will  not  produce 
sufficient  reduction  in  cross  section.  The  data  shown  in  Figure 
1.1-68  is  based  on  a  support  column  whose  rating  is  about  800  pounds, 
and  a  reduction  in  column  size  will  have  a  severe  influence  on  the 
load-bearing  capability  of  the  column.  The  common  criterion  used 
in  rating  columns  is  based  on  buckling  failure,  and  in  this  case 
the  load-bearing  capability  is  proportional  to  the  fourth  power  of 
the  diameter.  A  scaled,  60-foot  target  maybe  expected  to  approach 
the  800-pound  weight  cited;  therefore,  the  reduction  in  column  cross 
section  must  be  based  on  modification  of  the  column  configuration. 
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A  modification  available  in  the  fabrication  of  support 
columns  is  that  of  forming  a  right  cylindrical  shell.  This 
process  does  not  severely  affect  the  buckling  properties  of 
the  column,  but  provides  an  additional  parameter  to  minimize 
the  effects  of  the  conductivity  of  the  material  to  produce  a 
significant  reduction  in  the  cross  section. 


The  analytical  model  used  in  cross  section  prediction  is 
based  on  particle  scattering  and  is  given  in  Reference  2  as 


£  -  c, 


&  -i2ky 

e  Y\(y)dy 


(1.1-14; 


where  T\(y)  in  the  integrand  is  the  number  of  particles  per 
unit  depth,  (Ts  is  the  particle  radar  cross  section,  and  k  is 
equal  to  2  fr  /*A  •  Although  the  cross  section  expression  can 
vanish  under  ideal  circumstances,  the  use  of  a  realistic  model 
which  includes  thi  use  of  the  dielectric  loss  tangent  results  in 
a  nonvanishing,  coherent  component. 

The  expression  in  Equation  1.1-14  can  be  (written  in  a  more 
useful  form  by  expanding  the  term.  The  particle  cross 

section  to  be  used  is  that  of  the  spherical  shell. 


g~s  -  4ir  t2(ka)4(6  -l)2  (1.1-15) 


where 

t  ■  shell  thickness 
a  *  sphere  radius 

6  *  dielectric  consta-t  of  3hell  material. 

Equation  1.1-15  can  be  written  in  a  more  tractable  form  by 
substituting  a  relationship  between  the  bulk  cellular  plastic 
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material  dielectric  cone  teat,  €b»  end  the  constituent  material 
dielectric  constant  (Reference  2), 

(« b  - 1)  -  <*  - 1)  n  -  (1.1-X6) 


where  b  -  a  »  shell  thickness.  If  it  is  assumed  that  the  spherical 
shells  are  uniformly  distributed  with  a  density  of 


N/V  -  1/(8  a3) 

the  *Y\(y)  can  be  represented  by  N  A(y)/V  where  A(y)  is  the  projected 
geometrical  cross  sectional  area  at  y. 

The  beckscattering  from  the  column  can  now  be  written  as 


if  k4 
64 


(  6  b  -  D2 


A(y)  • 

dy 


2 

(1.1-17) 


In  the  case  of  the  cylindrical  structure  (see  Figure  1.1-69) 
the  area  function  can  be  written  as 


A(y) 

A(y) 


2L  (a2  -  y2)  'ai^‘b  (1.1-18) 

b  5  y  4  a 

2L  £(»2  -  y2)  '  -  <b2  -  r)h  J  ,  -b  i  y  &  b 


When  the  appropriate  A(y)  is  inserted  in  Equation  1.1-17,  the 
following  is  obtained: 


r-  tr 3  k2  L2 

64 


[«  Jl(2k*a) 


b  Ji(2k*b)1 


J 


(1.1-19) 
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where  k*  -  ^  <1  -  i  tan^  )%  ~  Icq  (1  -  i  tan£_)and  Jx  is  the 
first-order  Bessel  function.  2 

To  predict  the  effect  of  this  type  of  support  construction 
relative  to  experimental  data  on  the  solid  cylinder  (b  ■  0),  the 
expression  of  interest  is  the  ratio,  R,  of  the  reopective  minimum 
cross  section  levels.  When  the  high-frequency  approximation, 

Jl(z)  "  (/TT  z)  (sin  z  -  cos  z) 


is  used,  this  ratio  becomes 


R  a,  cos(2ka  -  3^/4)  +  ika  tan  $  gin(2ka  -  3lf/4)  -(b/a)^cos(2kb-3l774) 
cos(2ka  -  3  7174)  +  ika  taxiS  sin(2ka  -  31T/4) 

(1.1-20) 


where  tan  S  is  small. 

In  this  expression  the  effects  of  conductivity  are  minimized 
when  2  ka  -  3 IT/4  »nfT',  and  equation  1.1-20  becomes 

R  -  1  -  (b/a)^  (1.1-21) 

Thus  it  appears  that  the  limit  of  cross  section  reduction  by  use 
of  this  approach  is  dependent  only  on  the  wall  thickness.  However, 
in  practice,  it  will  be  necessary  to  apply  careful  construction 
techniques  in  order  to  approximate  the  reduction  theoretically 
possible.  A  plot  of  equation  1.1-21  is  presented  in  Figure  1.1-70. 
A  comparison  of  these  data  and  the  reduction  required  (Figure 
1.1-71)  indicates  that  this  approach  will  produce  only  marginal 
results,  and  the  results  of  the  experimental  program  verify  this 
observation. 

The  experimental  program  devoted  to  the  dielectric  column  was 
based  on  Ka-  and  X-band  measuren ?nts  on  two  right  circular  column 
configurations  and  two  typical  target  cradle  conf igurations .  The 
columns  were  measured  in  both  vertical  and  tilted  positions.  The 
results  of  the  experimental  program  strongly  indicate  that  the 
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results  obtained  by  tilting  the  columns  offer  definite  advantages 
over  -.clumn  tuning.  The  experimental  results  are  presented  in 
Figure  1.1-68.  The  Ka-Band  data  measurements  do  not  necessarily 
represent  minimum  cross  section  values  because  of  the  difficulty 
in  tuning  the  Ka-Band  magnetron  and  the  sensitivity  level  of  the 
measurement  system.  The  test  columns  are  shown  in  Figure  1.1-72. 

Typical  examples  of  the  experimental  data  obtained  are  shewn 
in  Figures  1.1-73  through  1.1-75.  The  effects  of  tilting  the 
column  are  illustrated  in  Figures  1.1-73  and  1.1-74.  The  only 
potentially  undesirable  aspect  of  the  pattern  is  the  "broad  side" 
peak  obtained,  but  careful  target  orientation  should  obviate  this 
effect.  In  addition,  it  was  noted  that  a  maximum  reduction  in 
this  peak  of  about  10  dB  could  be  made  by  tuning  the  system  fre¬ 
quency  at  this  azimuth  angle. 

The  data  in  Figure  1.1-75  illustrates  the  effects  of  mechanical 
tolerances  on  the  results  obtained  by  using  a  hollow  styrofoam 
column.  In  this  example,  the  return  from  the  column  was  nulled  by 
tuning  the  transmitter  frequency,  but  the  sinusoidal  pattern 
appeared  as  the  column  was  rotated.  The  jig  used  to  fabricate 
this  column  was  set  up  to  produce  a  column  accuracy  of  0.05  inch 
which  should  be  adeqiiate  for  X-band.  However,  it  is  nGt  possible 
to  accurately  measure  the  dimension  of  the  styrofoam  material; 
consequently,  the  actual  mechanical  tolerances  can  be  influenced 
by  column  deformation  during  and  after  machining. 

»n  additional  consideration  is  the  backscatter  contribution 
from  the  target  support  cradle  which  is  commonly  placed  between 
the  target  and  the  basic  support  column.  Unlike  portions  of  the 
basic  column,  this  device  is  fully  illuminated  by  virtue  of  being 
placed  near  the  center  of  the  vertical  plane  pattern  and  can 
therefore  contribute  significantly  to  the  support  system  back¬ 
scatter.  Test  results  indicate  that  a  3-  to  5-dB  increase  in  the 
configuration  can  be  expected  when  a  target  cradle  Is  used. 

1.1.7  Equipment  Requirements 

Equipments  required  to  implement  the  scaling  method  are  limited 
to  the  system  delineated  in  Table  1.1-1  and  range  length  associated 
components  such  as  those  delineated  in  paragraph  1.1.8. 


28 


1.1.8  Conclusions 


The  conclusions  reached  in  the  investigation  of  the  scaling 
method  as  a  potentially  cost  effective  means  of  large  object  radar 
cross  section  measurement  are  delineated  below  in  terms  of  (1) 
adaptability  of  field  operation,  (2)  accuracy,  and  (3)  *ost. 

The  range  of  parameters  used  in  the  investigation  was  limited 
tc  the  point  at  which  it  became  apparent  that  the  cost  effectiveness 
of  other  methods  exceeded,  that  of  the  scaling  method. 

1. 1.8.1  Adaptability  to  Field  Operation.  The  scaling  method 
cf  large  object  measurement  is  readily  adaptable  to  the  present 
RAT  SCAT  operation  if  the  target  fabrication  task  is  excluded.  The 
reduced  target  size  and  weight  results  in  a  reduction  in  target 
mounting  time  (dependent  on  target  weight  and  length);  however,  on 
the  basis  of  the  experience  in  operating  the  35-gigahertz  system 

at  the  Fort  Worth  Division,  additional  time  (15  percent)  is  required 
for  equipment  setup  and  the  data  runs  as  a  result  of  the  relative 
instabi1 ity  of  the  high-frequency  measurement  system.  Otherwise, 
the  operational  procedures  and  system  components  are  identical  to 
those  presently  used  at  RAT  SCAT. 

1. 1.8.2  Accuracy .  In  the  scaling  measurement  method,  the 
accuracy  available  is  a  sensitive  factor  of  the  cost  allowed  for 
target  fabrication.  By  using  the  most  accurate  target  fabrication 
criteria  investigated,  the  1(T  (standard  deviation)  of  the  error 
is  approximately  1.1  dB  in  Band  6  and  1.5  dB  in  Band  7.  These 
error  levels  do  not  include  those  associated  with  dielectric  material 
scaling  or  target  support  cross  section  levels  which,  have  been  shown 
tc  be  severe  erro’'  sources.  The  error  estimate  is  based  on  the 
average  magnitude  error  over  the  kL  range  applicable  to  each  band. 

The  trade-off  study  results  indicate  that  this  level  of  error  is 

not  competitive  with  other  methods  on  a  cost  effectiveness  basis 
(subsection  2.4), 

1.1. 8. 3  Cost.  The  most  significant  cost  features  associated 
with  the  scaling  method  are  the  costs  of  system  implementation  and 
target  fabrication.  An  area  estimate  of  $200,000  (refer  to  Table 
1.1-1)  has  been  established  for  the  system;  target  fabrication 
costs  are  shown  in  Figure  1.1-4.  As  described  in  subsection  2.4, 
the  primary  area  of  applicability  for  this  method  is  the  range 

40  feet  £  D  ^  60  feet  in  Band  &  (4  to  8  gigahertz)  and  30  feet  £  D 
C  60  feet  in  Band  7  (8  to  12  gigahertz).  On  the  basis  of  the 


operational  model  subsequently  presented  in  subsection  2,2,  the 
model  cost  is  $176,000  and  $609,000  in  Sands  6  and  7,  respectively, 
over  a  5-year  period.  The  estimate  is  based  on  the  average  modal 
size  over  the  applicable  scale  factors,  the  two  models  required 
per  measurement  program,  and  the  per tub at ion  level  1  cost  data. 

Other  cost  considerations  include  the  range  length  associated 
costs  and  the  target  handling  cost  as  described  in  paragraphs  1,2-8 
and  subsection  2.3.  These  include  a  cost  of  $2  per  foot  of  rotator 
control  and  signal  lines  end  roadway  construction  over  a  range  length 
of  28,000  feet. 

1.1. 8.4  Other  Considerations.  Other  considerations  which 
influence  the  overall  utility  of  the  scaling  methods  include  the 
relative  instability  of  th®  higher  frequency  systems  and  the  fact 
that  some  system  components  are  operated  near  the  state  of  the  art 
limitation;  consequently,  the  probability  of  excessive  recurring 
costs  is  increased,  especially  in  case  of  the  high  power  cagnetron 
required  (see  Table  1.1-1). 
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Fig.  1.1-9  PEAK  ENVELOPE  ERROR  FOR  TARGET  2 
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Fig.  1.1-27  PEAK  ENVELOPE  ERROR  FOR  TARGET  8 


ERROR  FOR  TARGET  8 
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Fig.  1.1-31  LOBE  WIDTH  ERROR  FOR  TARGET 
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CROSS  SECTION  OF  TARGET  1  (ka  -  314) 
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CROSS  SECTION  OF  TARGET  3  (k*  -  2198) 
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36  CROSS  SECTION  OF  TARGET  5  (ka  -  1760) 
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Fig.  1.1-58  CROSS  SECTION  OF  TARGET  7  (ka  -  2198) 


CROSS  SECTION  OF  TARGET  8  (ka  -  2198) 
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(a)  CONE  CYLINDER  CONFIGURATION  (TARGET  2A) 
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Fig.  1.1-41  TARGET  CONFIGURATIONS 


m&iSk 


Fig.  1.1-42  TYPICAL  AEROSPACE  VEHICLE  MOCKUP 


Fig.  1.1-43  TYPICAL  TARGET  APPENDAGES 
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Fig.  1.1-44  EXPERIMENTAL  DATA  ON  TARGET  2A,  PERTURBATION  LEVEL  0,  FIN  P-1 
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Fig.  1.1-47  EXPERIMENTAL  DATA  ON  TARGET  9A,  PERTURBATION  LEVEL  2  (SPHERES  B-2) 
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Fig.  1.1-52  ERROR  DISTRIBUTIONS  ON  TARGET  8A  WITH  FIN  PERTURBATIONS 
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Fig.  1.1-65  DIELECTRIC  COMPONENT  TARGET  DATA  (A/4  THICKNESS  POLYETHELENE 
MATERIAL') 


-66  CUMULATIVE  DENSITY  ON  DIELECTRIC  SCALING 
ERROR  (Ka-BAND ,  35  GHz) 


MATERIAL  THICKNESS  RATIO 
.16X:.174X 


CUMULATIVE  DENSITY  ON  DIELECTRIC  SCALING 
ERROR  (X-RAND,  10.75  GHz) 


DESIGN  TARGET  CROSS  SECTION  LEVEL 


Fig.  1.1-68  FREQUENCY  DEPENDENCE  OF  STYROFOAM  COLUMN  CROSS  SECTION 
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Fig.  1.1-72  TARGET  SUPPORT  COLUMNS 
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Fig.  1.1-75  VERTICAL,  HOLLOW  STYROFOAM  COLUMN  DATA  (X-BAHD) 


1.2  Long  Range  and  High  Power 


1.2.1  General 


The  long-range  and  high-power  method  of  large  object 
measurement  Is  the  most  straightforward  approach  in  that  the 
procedures  and  all  aspects  of  radar  cross  section  measurement 
are  identical  to  those  presently  used  at  RAT  SCAT.  The  most 
significant  deviations  from  the  present  RAT  SCAT  range  geometry 
are  the  excessive  range  lengths  required  to  meeth  the  2D^/X 
criterion  (  >  16  miles)  and  the  antenna  heights  required  under 
the  normal  ground  plane  range  conditions.  The  latter  geometry 
requirement  is  invariant  to  the  measurement  frequency  under  the 
condition  of  R  *  2D^/>v  .  Under  these  conditions  and  the  case 
of  a  target  length  of  60  feet,  the  required  product  of  antenn 
and  target  height  is  1800  square  feet.  Thus,  for  a  typical  large 
target  height  of  12  feet,  an  antenna  height  of  150  feet  is  re¬ 
quired  ideally,  however,  lower  antenna  heights  are  practical. 

The  large  range  lengths  required  for  complete  coverage  of  the 
target  length- frequency  spectrum  of  interest  impose  severe  sensi¬ 
tivity  requirements  relative  to  the  present  RAT  SCAT  capability; 
a  maximum  of  37-dB  improvement  is  required.  Other  significant 
features  of  the  long-range  and  high-power  method,  which  will  be 
used  extensively  in  the  measurement  of  large  objects,  include  the 
target  design  cross  section  level  and  the  target  support  cross 
section  levels.  Details  associated  with  this  large  object  measure¬ 
ment  method  are  treateu  in  the  following  paragraphs. 

1.2.2  Design  Cross  Section  Level  for  Large  Targets 

The  design  cross  section  level  is  a  necessary  parameter  in 
the  specification  of  equipment  sensitivity  requirements.  This 
parameter  has  been  established  at  -30  dBsm  on  the  basis  of  the 
theoretical  and  experimental  data  presented  in  Figure  1.2-1. 

These  data  points  represent  +  5-degree  cross  section  averages. 

The  minimum  average  shown  is  a  level  of  -18  dBsm  so  that  a 
negative  excursion  of  7  dB  can  be  allowed  before  the  system  noise 
level  begins  to  introduce  an  error  in  excess  of  1  dB  in  the  target 
data.  An  examination  of  the  RAT  SCAT  and  Fort  Worth  Division 
large  target  data  indicates  that  the  -30  dBsm  level  will  be 
adequate  96  percent  of  the  time  over  a  typical  3 60- degree  azimuth 
angle. 


IC  is  evident  that  the  cross  section  values  shown  in  the 
figure  are  essentially  independent  of  frequency.  The  theoreti¬ 
cal  cross  section  data  was  obtained  from  the  scaling  study 
(target  configurations  used  in  the  scaling  study  have  been 
previously  shown  in  Figure  1.1-2).  The  computations  are  plotted 
in  Figures  1.2-2  through  1.2-10  to  illustrate  the  nature  of  the 
large  object  cross  section  as  a  function  of  target  type  and  the 
ka  value.  These  data  were  obtained  by  averaging  the  cross  section 
over  at  least  40  aspect  angle  values.  The  double  value  points 
represent  values  obtained  in  low  cross  section  regions  of  target 
aspect  angle  (e.g.,  near-nose-on  in  the  case  of  a  cone  cylinder) 
and  maximum  cross  section  regions. 

Table  1.2-1  contains  a  list  of  characteristics  of  the  targets 
examined.  An  analysis  of  these  data  suggests  that  there  is  no 
correlation  between  the  target  physical  characteristics  and  the 
radar  cross  section  maximum  and  minimum  values.  The  data  is  ordered 
in  terms  of  decreasing  ka  (where  k  ■  2  7f  /  \  and  a  is  maximum 
target  length. 

1.2.3  Sensitivity  Requirements 

The  sensitivity  requirements  for  large  object  measurements 
are  shown  in  Figures  1.2-11  and  2.3-4.  These  data  are  based  on 
sensitivity  measurements  made  at  the  RAT  SCAT  site  (these  data 
reflect  the  use  of  the  largest  antennas  applicable  to  each 
frequency  band).  The  data  in  Figure  1.2-11  are  presented  in 
terms  of  the  sensitivity  required  and  the  present  RAT  SCAT  capability 
as  a  function  of  target  length  and  frequency.  These  data  indicate 
that  the  improvement  maximum  required  is  37  dB.  An  examination 
of  the  data  in  Figure  1.2-11  indicates  that  this  level  of  improve¬ 
ment  corresponds  to  a  level  77  dBW  in  terms  of  the  factor 
PG2/(B)(NF)  where  P  is  the  transmitted  power,  G  is  the  antenna  gain, 

B  is  the  receiver  bandwidth,  and  NF  is  the  receiver  noise  figure. 

This  factor  was  selected  because  of  the  approach  used  in  the  improve¬ 
ment  of  equipment  capability  (refer  to  paragraph  1.2.6). 

In  addition,  these  data  illustrate  the  clear  choice  of  using  mobile 
range  operation  over  fixed  range  operation. 
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LARGE  TARGET  CROSS  SECTION 
CHARACTERISTICS 
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The  validity  of  extrapolating  the  short-range -length 
(2500-foot)  RAT  SCAT  system  gain  data  to  the  longer-range-lengths 
(30,000  feet  or  greater)  required  was  obtained  from  an  examina¬ 
tion  of  long -range -length  fiela-pr  ->be  data  measured  at  ranges 
of  10,  20,  30  and  A0  thousand  feet.  The  normal  field  probe 
contour  was  obtained;  consequently,  it  may  be  safely  assumed 
that  the  coherent  reflection  mechanism  which  provides  the  gain  in¬ 
herent  in  ground  plane  range  utilization  can  be  relied  upon  at 
the  higher  frequencies.  In  addition,  verification  of  the  proper 
system  gain  was  made  by  comparing  the  peak  amplitude  of  the  field 
probe  data  from  one  range  length  to  the  next.  An  example  of  the 
data  obtained  at  a  frequency  of  12  gigahertz  and  a  range  length 
of  20,0000  and  30,000  feet  is  shown  in  Figure  1.2-12;  in  these 
measurements,  data  obtained  using  horizontal  and  vertical  polariza¬ 
tion  were  essentially  the  same.  The  contour  of  the  terrain  in  the 
area  used  for  obtaining  field  probe  data  is  shown  in  Figure  1.2-13. 
This  area  was  approximately  about  a  straight  line  in  the  north 
west  direction  from  the  RAT  SCAT  operation  building  (s  ee  map 
subsequently  presented  in  paragraph  3.3.2.).  At  each  range 
length  the  correlation  between  the  field  probe  data  and  theoretical 
results  (including  effects  of  earth  curvature  and  refraction)  is 
adequate  to  indicate  that  the  desired  field  probe  could  be  obtain¬ 
ed  through  normal  adjustment  of  the  range  geometry  parameters. 
Adjustment  of  the  peak  amplitude  height  of  the  field  probe  data 
was  limited  by  the  present  RAT  SCAT  antenna  height  limitation. 

1.2.4  Antenna  Height  Effects 

As  previously  indicated,  the  ideal  antenna  height  in  the 
case  of  a  60-foot  target  at  a  range  of  2D^/  is  given  by  1800/ht 
where  ht  is  the  target  height.  The  required  antenna  height  would 
be  about  150  feet,  a  dimension  which  is  undesirable  from  the 
standpoint  of  operational  problems  and  cost.  In  the  case  of  a 
12.5-foot  target  height  and  a  60-foot  target  in  which  the  ?D^/X 
range  criterion  is  satisfied,  an  antenna  height  of  140  feet  is 
required  if  the  center  of  the  target  is  to  coincide  with  the  peak 
of  the  antenna  beam.  If  the  beam  can  be  raised  by  decreasing 
the  antenna  height  without  significantly  degrading  the  measurement 
accuracy,  a  substantial  decrease  in  the  cost  and  operational 
problems  would  result.  During  this  program,  the  feasibility  and 
practicality  of  making  measurements  at  reduced  antenna  heights 
was  investigated  on  the  b.;sis  of  theoretical  and  experimental  data. 
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The  theoretical  investigation  was  that  of  computing  the 
expected  error  which  would  be  incurred  if  a  horizontal  cylinder 
were  measured  with  the  beam  center  at  a  height  more  than 
the  ideal.  In  addition  to  the  results  obtained  from  this  effort, 
results  are  also  presented  for  the  case  of  a  vertical  cylinder  and 
a  dumbbell  type  of  target  under  these  same  conditions  since 
measurement  of  these  latter  types  of  targets  could  possibly 
result  in  a  requirement  for  a  much  more  stringent  height  criterion. 
However,  these  later  targets  are  not  considered  to  be  representa¬ 
tive  of  the  type  of  scatterer  to  be  encountered  as  the  elliptic 
cylinder  model,  but  since  results  obtained  from  the  elliptic 
cylinder  model  indicated  that  very  little  error  will  be  encountered 
if  target  heights  even  one  half  of  the  ideal  are  used,  error  data 
for  the  other  types  df  models  were  also  derived. 

Figure;  1.1 -x-t  contains  error  dat.f  obtained  by  using  the 
near-field  error  model  developed  for  use  in  the  analytical 
correction  investigation  (refer  to  Appendix  B) .  Error  data  was 
oompu.'.sd  f..T  the  ca<  ,  of  a  right  circular  cylinder  and  an  ellipti¬ 
cal  cylinder  whose  major -to -minor  axis  rati  was  50  and  vertical 
dimension  was  eight  feet.  Computations  were  .uade  with  the  target 
at  the  center  of  the  beam,  and  the  model  was  then  lowered  to  a 
position  of  one  half  the  ideal  height.  On  the  basis  of  the  error 
data  shown,  the  error  to  be  expected  in  this  latter  case  (relative  to 
the  ideal)  even  for  the  relatively  flat  cylinder  with  30  percent 
antenna  reduction  is  less  than  0.5  dB.  That  the  error  caused  by 
vertical  field  curvature  is  relatively  small  for  the  size  of  the 
targets  used  in  this  study  (up  to  eight  feet  in  diameter)  is  not 
surprising  when  it  is  noted  that  the  primary  contribution  comes 
from  a  small  region  about  the  specular  point  (first  Fresnel  zone) . 
Since  the  calibration  device  in  the  model  was  also  placed  in  this 
region  and  the  field  curvature  over  the  first  Fresnel  zone  is  quite 
small,  small  errors  are  encountered  even  though  the  curvature  over 
the  total  diameter  is  large. 

In  contrast  to  the  model  used  to  obtain  the  data  in  Figure 
1.2-14,  Is  the  planar  model  or  vertical  cylinder  model  developed 
during  the  original  RAT  SCAT  range  evaluation  and  reported  in 
Reference  3.  The  errors  obtained  by  using  that  model  can  be 
found  from  the  equation 
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E  s  20  Log 


i  -  +  .  siniji  -  aa*]) 

Sin2  JLf  1  ..  -^1  (1  +  2h  sin  HD  ) 

2  L  hJ  D  2h 

'  (i.2-i) 


where 

h  *  ideal  target  center  height 

D  =  target  vertical  dimension 

°(  *  distance  below  ideal  target  height  center. 

In  Figure  1.2-15,  the  error  obtained  by  using  the  expression 
in  Equation  1.2-1  is  presented  in  graphic  form  for  the  case 
of  a  4-,  6-,  and  8-foot  vertical  target  dimension  as  a  func¬ 
tion  of  percent  of  decrease  in  target  height  relative  to  the 
ideal.  By  comparing  the  data  in  Figures  1.2-14  and  1.2-15, 
it  is  evident  that,  when  the  vertical  cylinder  model  is  used, 
the  errors  to  be  expected  because  of  antenna  height  reduction 
are  initially  of  the  same  order  as  those  found  for  the  ellipti¬ 
cal  cylinder  but  they  start  to  increase  significantly  a3  the 
antenna  height  is  decreased  more  than  30  percent  of  the  ideal. 
However,  the  reason  for  the  small  errors  in  the  latter  error 
model  is  quite  different  than  that  for  the  first.  In  the 
second  type  of  model,  the  small  errors  are  incurred  because 
the  effect  of  the  field  curvature  at  the  lowest  target  posi¬ 
tion  is  such  that  the  same  order  of  magnitude  of  error  is 
obtained  as  the  error  calculated  for  the  center  of  the  beam. 

In  other  words,  although  the  error  at  the  center  of  the  beam 
pattern  for  the  8- foot  target  is  approximately  2  dB,  it  like¬ 
wise  is  approximately  2  dB  when  it  is  measured  at  one  half 
of  the  ideal  target  height.  Although  this  same  situation  was 
encountered  in  the  case  of  the  elliptical  cylinder,  the  error 
at  the  center  of  the  beam  was  also  small  because  of  the  specu¬ 
lar  type  of  scattering  discussed  earlier. 

A  third  type  of  model  was  used  to  investigate  the  effect 
of  reduced  antenna  heights;  this  was  a  dumbbell  type  of  target 
representative  of  targets  for  which  a  significant  contribution 
to  the  signature  is  due  to  isolated  scatterers  separated  in 
the  vertical  plane  The  relative  error  expression  (relative 
to  the  error  in  the  center  of  the  beam)  for  this  type  target 
is  given  in  Equation  1.2-2  (the  targets  have  been  placed  90 
degrees  out  of  phase): 
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Cos4  3L-  (2e<+  D)  +  Cos4  (2°(-  D) 

4h  ’  4h 

E  =  10  Log  - — - - - — • — - — 

Cos4  cos4  JI2.  (1  +  f  ) 

z.h  4h  ' 

(1.1-2) 

where 

D  =  vertical  dimension  between  scattering  centers 

h  =  ideal  target  height 

a(  =  distance  of  target  center  below  ideal  height 

p  -  ratio  of  cross  section  of  scatterer  above  target 
center  to  that  of  scatterer  below  target  center. 

Figure  1.2-16  contains  data  which  was  obtained  by  using 
Equation  1.2-2,  a  target  vertical  dimension  of  8  feet,  and  a 
column  height  of  10  feet.  When  the  data  shown  in  Figure 
1.2-16  is  compared  with  the  8-foot  data  in  the  other  two  near- 
field  error-model  figures,  it  is  evident  that  this  later  model 
produces  the  severest  degradation  as  the  antenna  height  is 
lowered.  However,  even  in  this  "worst-case,:  model,  a  decrease 
in  antenna  height  of  20  percent  results  in  degradation  in 
measurement  accuracy  of  less  than  1  dB.  In  view  cf  the  fact 
that  the  target  center  is  14  feet  for  the  case  of  the  target 
used  to  compute  the  data  shown,  then  an  antenna  height  of 
no  more  than  100  feet  rather  than  130  feet  would  be  required 
on  a  theoretical  basis  even  for  the  worst-case  target  of  60 
feet  in  length.  Also,  if  the  target  center  was  placed  at 
12.5  feet  rather  than  10  feet,  an  antenna  height  of  87  feet 
could  be  used  rather  than  140  feet. 

On  the  basis  of  the  theoretical  results,  a  reduction  in 
antenna  height  to  a  maximum  of  100  feet  will  allow  large 
objects  of  interest  to  be  measured  with  acceptable  degradation 
in  the  data.  This  observation  was  not  totally  supported  by 
the  experimental  results. 

A  series  of  tests  was  used  to  provide  data  for  validation 
of  the  theoretical  results  obtained  on  the  effects  of  intro¬ 
ducing  a  field  gradient  across  the  target,  in  the  vertical 
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plane,  as  a  result  of  reducing  the  antenna  heights.  The  speci¬ 
fied  tests  were  designed  to  obtain  data  on  a  reduction  of 
antenna  heights  in  excess  of  30  percent  over  a  wide  range  of 
target  configurations.  The  targets  consist  of  a  right  circu¬ 
lar  cylinder,  49  inches  in  length,  and  the  two  basic  target 
configurations  previously  illustrated  in  Figure  1.1-41.  Since 
the  data  were  obtained  on  scaled  targets,  the  gradient  across 
the  target  was  simulated.  The  conditions  defined  for  these 
tests  included  a  vertical  plane  gradient  of  0,  3,  4.5,  and  6 
of  to  approximate  the  conditions  corresponding  to  the  gradient 
resulting  from  antenna  height  reductions  of  0,  20,  30,  and  40 
percent  in  the  case  of  a  full-scale  target  8  feet  in  extent 
in  the  vertical  plane.  Error  data  was  obtained  by  a  direct 
comparison  of  the  data  obtained  at  a  given  field  gradient  and 
that  obtained  at  essentially  no  field  gradient.  A  total  of 
18  experiments  were  conducted. 

The  approximate  field  gradients  were  established  by  operat¬ 
ing  the  system  at  large  antenna  heights.  Under  these  circum¬ 
stances,  the  field  gradient  across  the  calibration  target 
(commonly  a  6-  to  24-inch  diameter  sphere)  was  excessive  rela¬ 
tive  to  that  which  will  be  encountered  in  normal,  full-scale 
operation.  This  condition  introduced  a  calibration  problem 
which  will  not  be  significant  in  the  full-scale  case  in  normal 
operation,  because  the  target  and  calibration  sphere  position 
became  critical  in  the  process  of  attempting  to  serially  re¬ 
produce  the  position  of  several  targets.  Because  of  the  effects 
described  above,  the  data  reduction  process  was  conducted  by 
use  of  a  "best  fit"  process,  i.e.,  in  comparing  data  runs  at 
different  heights,  a  bias  was  imposed  to  minimize  the  extra¬ 
ordinary  calibration  error  effects.  The  results  of  this  process 
are  presented  in  Figures  1.2-17  through  20.  The  three  target 
configurations  were  (1)  right  circular  cylinder,  (2)  target 
2A  with  Fin  P-1,  and  (3)  target  9A  with  Fin  P-3  and  P-4;  the 
target  configuration  dimensions  are  shown  in  Figure  1.1-41. 

In  each  case,  the  cumulative  error  was  obtained  by  comparing 
the  data  from  measurements  at  position  0  (no  field  gradient) 
with  the  results  obtained  at  the  lower  antenna  heights.  The 
data  in  Figure  1.2-17  Is  a  summary  of  the  l(T(standard  devia¬ 
tion)  points  from  Figure  1.2-18  through  1.2-20.  Typical  experi¬ 
mental  scattering  diagram  data  are  illustrated  in  Figures 
1.2-21  and  22.  A  listing  of  the  calibration  bias  imposed  on 
each  of  the  data  runs  is  presented  in  Table  1.2-2. 
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Table  1.2-2  CALIBRATION  DATA  ADJUSTMENTS 


Target 

Percent  Antenna  Height  Reduction  1 

207, 

307,  1 

407. 

Cyl inder 

Position  2 

Position  3 

Position  4 

-1.8  dB 

-3,  -3.5  dB 

1.5,  ~3  dB 

Target  2A 

0,  1.5  dB 

-1,  1.5  dB 

-1,  -1  dB 

Target  9 A 

1,  6.5  dB 

-.5,  0  dB 

0,  2.75  dB 

An  examination  of  the  data  results  indicates  that  the 
cylinder  measurements  closely  approximate  the  theoretical  re¬ 
sults  when  considered  on  the  basis  of  the  calibration  problem 
discussed  above.  However,  the  results  obtained  by  using  the 
complex  target-,  indicate  that  the  error  levels  to  be  expected 
are  significantly  higher.  This  observation  appears  realistic 
in  that  a  significant  scat ter er  (e.g.  a  fin)  at  the  extreme 
of  the  target  radius  will  not  be  properly  illuminated  because 
of  the  field  gradients.  On  the  basis  of  these  results  and  the 

fact  that  no  severe  differential  in  cost  is  introduced  by  the 

selection  of  a  150  foot  relative  to  100  foot  tower,  the  imple¬ 
mentation  of  a  150  foot  tower  seems  appropriate. 

1.2.5  Target  Support  Requirements 

The  problem  of  target  support  requirements  is  common  to 
all  of  the  measurement  methods  under  consideration  although  it 
becomes  severer  as  the  frequency  is  increased,  i.e.,  there  is 
a  severe  limitation  in  the  scaling  method  (refer  to  paragraph 
1.1.6).  The  present  capability  in  this  area  at  RAT  SCAT  is 
illustrated  in  Figure  1.2-23.  These  data  represent  the  cross 
section  level  of  polyfoam  tripods  with  a  weight-bearing  capacity 
of  5,000  pounds.  Previous  studies  (References  2  and  4)  have 
shown  that  the  use  of  polyfoam  in  target  support  systems  Is  op¬ 
timum  for  targets  of  any  significant  size.  In  addition,  the 
aspect  of  controlling  target  orientation  involves,  at  the  least, 
the  use  of  a  semirigid  support  configuration  (refer  to  para¬ 
graph  1.2. 6.4). 
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The  commonly  accepted  criterion  for  an  acceptable  level 
of  support  cross  section  is  20  dB  below  the  target  cross  sec¬ 
tion  level  of  interest.  This  criterion  is  based  on  a  maximum 
error  level  of  1  dB  introduced  by  the  coherent  scatter  from  the 
suoport  system.  On  this  basis,  the  data  illustrated  in  Figure 
1.2-23  indicate  that  the  cross  section  level  to  be  expected  is 
not  adequate  for  large  object  measurements  over  the  full  dyna¬ 
mic  range  expected  because  a  support  cross  section  level  of  -50 
dBsm  is  required  to  accommodate  a  -30  dBsm  target  level. 

In  many  cases,  a  combination  of  approaches  must  be  used 
to  obtain  a  satisfactory  margin  between  the  target  and  the 
support  system  levels.  The  effort  required  is  dependent  on  the 
level  of  error  as  a  function  of  the  radar  cross  section  level 
of  the  target,  which  is  acceptable  to  the  individual  customer. 

The  first  means  of  reducing  the  support  system  cross  sec¬ 
tion  is  that  of  minimizing  target  weight.  This  process  may  be 
extended  to  defining  a  measurement  program  requirement  that 
certain  classes  of  targets  be  received  on  site  as  shells  of  the 
target  configuration  with  hard  points  specified  for  mounting 
purposes.  If  this  approach  is  used,  the  volume  of  poly foam  re¬ 
quired  to  support  the  target  can  be  reduced;  consequently,  the 
amount  of  support  material  in  the  radar  beam  is  also  reduced. 

Thus,  a  reduction  in  weight  should  be  possible  to  the  point 
of  limiting  the  target  support  configuration  to  two  tripod  con¬ 
figurations,  In  the  worst  case,  measurement  at  12  gigahertz, 
the  maximum  improvement  required  is  about  26  dB. 

One  means  of  further  increasing  the  target- to- support  sys¬ 
tem  cross  section  margin  is  to  insure  that  the  fabrication  cf 
the  support  system  is  carefully  accomplished  and  that  the  verti¬ 
cal  plane  field  pattern  is  optimized.  Careful  fabrication  of  the 
support  system  includes  minimizing  the  volume  of  material  through 
accurate  structural  design  and  minimizing  joints  and  other  poten¬ 
tial  discontinuities.  The  vertical  plane  field  probe  can  be  used 
to  reduce  the  effective  radar  cross  section  of  the  support  system. 
The  most  significant  aspect  of  this  feature  is  that  of  insuring 
a  good  null  in  the  vertical  plane  pattern  near  the  ground.  The 
combination  of  these  two  features,  used  to  advantage,  may  be  ex¬ 
pected  to  reduce  the  cross  section  on  the  order  of  10  dB.  An 
approach  investigated  for  use  at  VHF  (Reference  5)  is  a  real¬ 
time  vector- sub tract ion  process.  The  range  geometry  associated 
with  the  implementation  of  the  technique  is  shown  in  Figure  1.2-24, 
and  the  implementation  block  diagram  f  shown  Figure  1.2-25.  Mea¬ 
surements  obtained  by  using  this  technique  involve  the  provision 


of  3  antennas,  one  slave  antenna  (receiver  only)  and  the  normal 
receiving  and  transmitting  antenna  arrangement.  As  illustrated 
in  Figure  1.2-24,  the  slave  antenna  is  placed  at  approximately 
twice  the  normal  antenna  height  so  that  the  signal  appearing 
at  the  aperture  is  only  a  weak  function  of  the  signal  scattered 
by  the  target.  Under  the  assumption  of  adequate  stability,  the 
phase  and  amplitude  of  the  slave  antenna  signal  can  be  adjusted 
to  minimize  the  sum  of  the  two  received  signals  (see  Figure 
1.2-25).  The  signal  scattered  by  the  target  will  unbalance  the 
signal  at  the  output  of  the  summing  network  and  therefore  pro¬ 
vide  a  measure  of  the  radar  cross  section  of  the  target  only. 

It  will  be  noted  that  use  of  this  particular  approach  obviates 
the  severe  requirement  for  frequency  stability  common  to  many 
cancellation  techniques. 

In  addition  to  the  data  available  at  VHF,  preliminary  tests 
were  conducted  at  C-  and  X-band  to  obtain  a  measure  of  the  effec¬ 
tiveness  of  using  this  approach  at  the  higher  frequencies.  The 
results,  as  expected,  indicate  that  the  equipment  setup  problems 
were  severe  at  dhe  higher  frequencies.  Because  of  the  inadequacy 
of  the  equipment  setup  (the  antenna  in  particular),  the  two  radar 
antennas  do  not  '’see”  the  same  target.  This  problem  is  severer 
at  high  frequencies  because  of  the  more  pronounced  angular  aspect 
sensitivity  of  the  target  support  system. 


The  test  results  indicate  that  a  background  signal  reduction 
in  excesses  of  8,  and  4  dB  can  be  expected  at  C- ,  and  X-Band, 
respectively,  using  a  pulse  length  of  0.2  microseconds.  Since  the 


primary  interest  in  this  prugram  is 
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the  test  results  do  not  appear  to  warrant  any  further  considera¬ 
tion  relative  to  support  system  reduction. 


Another  form  of  vector  subtraction  has  been  successfully 
demonstrated  at  RAT  SCAT  in  Band  4  (1  to  2  gigahertz).  This 
process  involves  a  two-step  process  similar  to  the  noise  sub¬ 
traction  process  previously  discussed  except  that  both  signals 
are  coherent  and  phase  measurements,  as  well  as  amplitude  mea¬ 
surements  must  be  used  (Reference  6).  The  required  process  is 
defined  by  use  of  the  equation 

.  rp - iei0t+c  r^pei0c 

0  t  -  (  iTt+c  -  |  )  (1.2-3) 


where  represent  radar  cross  section,  0  represents  phase,  and 
the  t  and  c  subscripts  denote  target  and  column,  respectively. 
The  use  of  this  process  involves  the  implementation  of  a  phase 
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measurement  capability.  The  only  other  significant  item  of 
required  equipment  is  a  relatively  simple  computer;  the  RAT 
SCAT  equipment  complement  includes  a  PB-250  which  is  adequate 
for  this  purpose  when  a  0.1-degree  azimuth  increment  is  used. 

As  presently  implemented,  the  system  operation  includes  serial 
measurement  of  a  complete  set  of  data  over  360  degrees  of  azimuth 
angle  with  and  without  the  target  emplaced  on  the  support  system. 

A  digital  paper  tape  and  analog  output  are  available  (essentialy 
in  real  time)  during  the  second  data  run. 

The  results  obtained  by  using  this  system  indicated  a  capa¬ 
bility  to  achieve  a  20-dB  improvement  in  the  signal- to-coherent 
noise  ratio.  It  appears  that  a  15-dB  improvement  can  be  realized 
in  X-band  if  the  target  can  be  mounted  with  proportionate  rigidity 
and  other  stability  aspects  of  phase  measurement,  such  as  fre¬ 
quency  stability,  can  be  maintained.  The  use  of  fiberglass  target 
supports  is  recommended.  On  the  basis  of  the  above  discussion, 
it  appears  that  the  target  support  system  requirements  can  be  pro¬ 
vided  a  high  percentage  of  the  time  to  the  degree  required  by  the 
customer. 


1.2.6  Equipment  Requirements 


The  basic  equipment  components  required  in  the  long-range 
and  high-power  method  are  discussed  below  in  terms  of  require¬ 
ments  and  cost.  Each  of  the  items  are  of  general  interest  but 
some  do  not  influence  the  trade-off  study  and  are  therefore,  not 
treated  in  detail.  Area  cost  data  on  non-sensitive  equipment 
items  shown  in  Table  1.2-3  are  discussed  in  the  appropriate  pa¬ 
ragraphs  below. 

Table  1.2-3  RANGE  CAPABILITY  IMPROVEMENT  COSTS 


Item 

Order  of  Cost 

Mobile  Van  Modification 

(1000  Dollars) 

5 

100-Foot  Antenna  Tower  -  Fixed 

14 

150 -Foot  Antenna  Tower  -  Fixed 

15 

100-Foot  Antenna  Tower  -  Mobile 

55 

150-Foot  Antenna  Tower  -  Mobile 

60 

8000-pound  Rotator 

62 

50,000-Pound  Rotator 

300 

Rotator  Power  Source 

20 

Phase  Measurement  Capability 

Band  5 

21 

Band  6  &  7 

41 

/ 


1.2.6. 1  Sensitivity  Improvements.  The  means  of  providing  the 
maximum  improvement  in  required  sensitivity  involves  costly 
equipment  items  and  therefore  must  be  given  detailed  considera¬ 
tion.  The  approach  taken  in  defining  requirements  for  improved 
sensitivity  was  to  define  (1)  the  PG*/(B)(NF)  factor  required 
as  a  function  of  frequency,  (2)  the  specific  equipment  improve¬ 
ments  and  the  associated  level  of  improvement,  and  (3)  the  cost, 
beginning  with  the  low-cost  approach;  the  improvement  factor  of 
PG^/(B) (NF) ,  when  P  is  the  transmitted  power,  G  is  the  antenna 
gain,  B  is  the  noise  band  width  and  NF  is  the  system  noise  figure, 
was  selected  in  order  to  provide  convenient  means  of  accounting 
for  each  of  the  significant  means  of  sensitivity  improvement. 

The  specific  approaches  used  in  this  analysis  were: 

1.  Provision  of  narrow-band  IF  strip  and  use  of  a 
long-pulse  length 

2.  Noise  figure  improvement 

3.  Provision  for  subtraction  of  incoherent  noise 

4.  Provision  of  a  capability  for  coherent  integration 

5.  Provision  of  high-gain  antennas 

6.  Provision  of  high-power  transmitter  tubes. 


The  improvement  made  possible  by  each  of  these  items  is 
summarized  in  Table  1.2-4.  The  improvement  realizable  from 
item  1  above  is  9  dB,  and  dependent  on  frequency,  a  noise  figure 
of  3  to  4  dB  is  readily  available.  The  bandwidth  reduction 
approach  offers  the  most  significant  sensitivity  improvement  on  a 
cost  effectiveness  basis  since  the  cost  is  nominal  and  a  single 
IF  amplifier  unit  is  applicable  to  all  bands.  Items  1  and  2 
represent  the  low  cost  sensitivity  improvement  components.  The 
more  extensive  additions  and  modifications  for  sensitivity 
improvement  are  discussed  in  the  following  paragraphs. 
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Table  1.2-4  EQUIPMENT  SENSITIVITY  IMPROV 


★Based  on  utilization  of  largest  applicable  dish 
■*48.0  dB  Limit  Assumed 


Provision  of  a  means  of  incoherent  noise  subtraction  is  ex¬ 
pected  to  produce  a  gain  in  excess  of  10  dB  in  system  sensitivity. 

This  observation  is  based  on  the  results  of  the  experimental  pro¬ 
gram  conducted  during  this  study  and  the  study  reported  in  Ref¬ 
erence  7.  This  process  is  based  on  the  relationship 

crt  =  Chi  -  <nr  d-2-4) 

where  (T* denotes  radar  cross  section  in  square  meters  and  the  t 
and  n  subscripts  denote  target  and  noise,  respectively.  This 
process  can  be  simply  implemented  by  recording  the  target-plus- 
noise  signal  and  the  noise  signal  and  subsequently  performing  the 
operation  defined  in  Equation  1.2-5.  Data  on  this  process  is  shown 
in  Figures  1.2-26  and  1.2-27.  The  computed  target  cross  section 
data  are  also  shown  in  these  figures.  Although  the  low-level  sig¬ 
nals  are  not  accurately  recovered  because  of  the  variance  associated 
with  the  noise,  the  improv*  ent  realized  in  the  peaks  is  apparent, 
and  the  results  indicate  an  effective  signal-to-noise  improvement 
of  8  dB.  The  accuracy  of  tili  simplified  approach  is  severely 
limited  by  the  fact  that  the  '.me  interval  between  the  two  sets  of 
measured  data  is  loi  g  with  respect  to  the  long-term  noise  periodicity. 
Thit,  source  of  inaccv.  ~acy  can  be  greatly  reduced  through  the  use 
of  the  analog  subsystem  illustrated  in  Figure  1.2-28.  Except  for 
the  logarithmic  response,  this  system  can  be  designed  to  operate 
in  a  manner  identical  to  the  Sigma  Servo  presently  used  at  RAT  SCAT. 

In  operation,  the  gating  circuits  to  the  Sigma  Servo  will  be  iden¬ 
tical  to  those  presently  used,  but  the  Noise  Subtraction  Servo  will 
be  gated  in  the  proper  time  relationship  to  the  system  noise  level. 

The  noise  subtraction  servo  tracks  the  system  noise  level  (smoothed 
over  several  pulses)  and  automatically  corrects  the  Sigma  Servo  in¬ 
put  to  subtract  the  noise  level. 

Provision  of  coherent  integration  will  produce  a  limited  im¬ 
provement  because  of  the  advanced  characteristics  of  the  RAT  SCAT 
Sigma  Servo  which  exhibits  the  properties  of  a  nearly  perfect  post¬ 
detection  integrator.  Under  these  circumstances,  a  gain  of  n®-® 

(where  n  is  the  number  of  pulses  integrated)  can  be  realized  over  a 
wide  range  of  conditions  (Reference  8);  however,  because  of  the 
potential  instability  of  the  system  in  operation  near  the  noise 
level,  the  normal  set  of  results  in  a  5  to  10  dB  deviation  from 
incoherent  integration  optimum.  This  deviation  is  unnecessary  if 
care  is  exercised  in  performing  the  adjustment.  The  theoretical 
maximum  for  the  case  of  coherent  integration  is  a  gain  of  n.  Thus 
the  theoretical  improvement  in  the  RAT  SCAT  system  sensitivity  by 
use  of  coherent  integration  is  given  by  =  2  log  n,  dB 
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On  the  basis  of  the  time  element  involved  in  the  measurement  of 
large  targets,  n  has  be  n  selected  to  be  about  50.  When  this  value 
is  used,  G  becomes  3.4  dB.  However,  consideration  of  normal  de¬ 
gradation  in  the  adjustment  of  the  radar  system  and  the  results  of 
tests  conducted  at  the  Fort  Worth  Division  have  resulted  in  the 
selection  of  the  8  dB  improvement  value  and  implementation  of  this 
integration  technique  is  dependent  on  implementation  of  the  basic 
phase  measurement  capability  used  at  RAT  SCAT  in  Band  4. 

The  improvement  in  antenna  gain  is  based  on  the  provision 
of  antennas  with  a  maximum  practical  gain  of  48  dB  and  the  maxi¬ 
mum  gain  presently  available  at  RAT  SCAT. 

Data  on  the  required  improvement  is  listed  in  Table  1.2-4  in 
a  form  convenient  for  use  in  the  trade-off  study  subsequently  dit- 
cussed  in  subsection  2.5.  It  is  based  on  measurement  of  a  -30  dBsv, 
60- foot  target.  The  listing  includes  the  total  improvement  required, 
and  the  required  antenna  gain,  power  increase  and  noise  subtraction 
improvements  are  specified  m  separate  columns  on  the  basis  of  the 
availability  of  the  1-megahertz  bandwidth,  coherent  integration, 
and  noise  figure  improvement. 

Cost  data  associated  with  each  of  the  improvement  items  are 
shown  in  the  Table  1.2-5.  An  examination  of  these  data  indicates 
that  the  cost  of  improvement  in  sensitivity  increases  rapidly  after 
a  gain  of  about  12  dB.  This  gain  will  allow  extension  of  the  pres¬ 
ent  RAT  SCAT  capability  to  the  measurement  of  60-foot  targets  in 
Bard  5  (4  gigahertz)  and  30-foot  targets  in  Band  7  (12  gigahertz). 

1.2. 6. 2  Antenna  Configuration.  On  the  basis  of  the  trado-oif 
results  presented  in  subsection  2.4,  the  system  sensitivity  and 
other  aspects  associated  with  the  present  RAT  SCAT  dishes  and  feeds 
are  adequate  for  use  in  large-oblect  measurements.  The  analysis 
presented  in  paragraph  1.2.4  resulted  in  the  conclusion  that  a  120- 
foot  antenna  target  height  would  be  adequate  for  the  large  object 
program.  The  requirement  for  a  mobile  operation  capability  imposes 
a  requirement  for  a  mobile  antenna  configuration.  The  height  of 
the  antenna  towers  obviously  influences  such  cost  and  operational 
features  as  setup  time  and  environmental  problems. 

Additional  flexibility  in  RAT  SCAT  operation  will  be  afforded 
by  the  provision  of  a  fixed  antenna  tower  at  the  present  RAT  SCAT 
operations  building.  This  tower  can  be  provided  at  a  low  cost,  as 
shown  in  Table  1.2-3.  The  antenna  tower  configuration  under  con¬ 
sideration  will  be  capable  of  supporting  16-foot  dishes  in  a  50- 
knot  wind.  In  addition,  provision  will  be  made  for  remotely  ad¬ 
justing  the  dish  tilt  angles. 
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Table  1.2-5  LONG  RANGE  AND  HIGH  POWER  SENSITIVITY  COST  DATA 


IF  Strips  (1-MHz  Bandwidth,  Usable  for  all  Bands): 

First  Unit  $  1,500. 

Spare  1,000. 

Coherent  Integration*  (New  AGC  and  Erzor  Detector  Drawer  plus 
Phase  Console  Modifications) : 

$  6,000. 

Noise  Figure  Improvement: 


Low  Noise  Ibbes,  Band  5  $  3,500. 

Band  6  3,500. 

Band  7  3,500. 

Packaging  2,000. 


Noise  Subtraction  Servo  Subsystem: 


15,000. 

High-Power  IWT  Transmitters: 

5-  to  20-kW  TWT,  Upper  X-band 

$100,000. 

Lower  X-band 

100,000. 

10-tol5-kW  TWT,  Upper  C-bend 

100,000. 

5-  to  10-kW  IWT,  Lower  C-band 

100,000. 

TWT  Power  Supply 

30,000. 

2-  to  5-kW  TWT,  Upper  X-band 

20,000. 

TWT  Power  Supply 

15,000. 

Antennas : 

16-foot  parabolas,  6  feeds,  and 
development  -  Set  of  2 

$  60,000. 

*Sae  Tabla  1.2-3  for  costs  of  the  required  phase  measurement 
capability. 


1.2. 6. 3  Target  Rotator  Configuration.  Although  the  selection  of 
the  target  rotator  configuration  does  not  influence  the  trade-off 
study,  a  set  of  preliminary  specifications  has  been  defined  in 
order  to  obtain  area  cost  data.  The  most  significant  feature  of 
the  rotator  is  that  of  weight-bearing  capability.  On  the  basis  of 
extrapolating  the  target  weight  data  previously  presented  in  Table 
1.2-1,  a  50,000-pound  capability  is  required.  Preliminary  specifi¬ 
cations  are  subsequently  shown  in  Table  2.4-1;  the  area  cost  is 
$300,000.  It  should  be  noted  that  a  significant  reduction  in  cost 
can  be  realized  if  a  capability  for  tilting  the  target  is  not  in¬ 
cluded.  The  rotator  power  source  must  necessarily  be  a  remote  unit 
in  order  to  avoid  the  high  costs  of  prime  power  lines  over  the  long 
ranges  required.  However,  control  and  signal  lines  must  be  provided 
from  the  rotator  to  the  mobile  van  and  the  operations  building. 

1.2. 6.4  Data  Recording  Subsystem.  The  data  processing  and  recording 
system  used  for  radar  cross  section  measurements  should  be  designed 
on  the  basis  of  target  size  or  the  ratio  of  target  size  to  measure¬ 
ment  frequency  wavelength,  D/^  in  order  to  preserve  the  information 
content  in  the  data  to  be  gathered  since  the  sample  rate  is  de¬ 
pendent  on  the  fineness  of  the  lobe  structure.  This  ratio  is  in¬ 
variant  in  the  several  approaches  considered  in  this  study.  There¬ 
fore  the  d atn  recording  investigation  may  be  considered  to  be  in¬ 
dependent  of  the  solutions  of  the  near-field  problem. 

The  minimum  backscattered  lobe  width  to  be  expected  from  a 
target  may  be  approximated  by 

L.'W.  * 

where  is  the  wavelength  and  D  is  the  maximum  dimension  of  the 
target.  A  60-foot  target  measured  at  12  gigahertz,  which  is  the 
most  severe  case,  exhibits  a  lobe  width  of  approximately  0.04  de¬ 
gree.  Consequently,  there  is  an  immediate  problem  in  obtaining 
analog  recordings  at  RAT  SCAT  at  normal  chart  speed  since  the  ink 
width  on  the  recording  is  approximately  0.3  degree  wide.  Although 
the  recorders  are  capable  of  advancing  at  a  stepped-up  rate  of  6 
to  1,  which  provides  an  ink  width  of  approximately  0.05  degree,  the 
present  analog  recorders  are  marginal  in  the  worst  case. 

However,  the  basic  problems  are  system  response  and  dir^fal 
recording.  The  response  of  the  mechanical  portions  of  the  pigma 
Servo  used  in  the  RAT  SCAT  system  is  approximately  150  dB  per  seer 
ond.  If  the  lobe  width  of  the  data  to  be  recorded  is  0.04  degree 
and  its  lobe  amplitude,  peak  to  null,  is  20  dB  (the  amplitude  would 
be  greater  than  this  if  the  full  null  depth  were  to  be  preserved), 
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the  target  must  be  rotated  at  a  rate  of  one  revolution  per  hour 
or  slower.  This  rate  of  rotation  allows  the  system  to  follow  a 
target-return  variation  rate  of  1,000  dB  per  degree  which  appears 
realistic  for  the  case  of  60-foot  targets  at  X-band.  The  present 
RAT  SCAT  rotator  minimum  rotation  rate  is  12  to  15  minutes  per 
revolution. 

In  sampling  theory,  it  is  statQd  that  a  sampling  rate  of  2 
samples  per  cycle  is  necessary  (not  necessarily  sufficient)  to 
preserve  data  content.  However,  a  sampling  rate  of  4  to  10  samples 
per  cycle  would  actually  be  required  to  reconstruct  a  realistic 
analog  of  the  cross  section.  Therefore,  if  the  lobe  width  of  a  60- 
foot  target  at  X-band  is  0.04  degree,  a  sampling  interval  for  digital 
recording  of  0.01  to  0.004  is  required  but  an  interval  of  0.02  de¬ 
gree  is  more  realistic.  The  minimum  recording  interval  of  the  pres¬ 
ent  RAT  SCAT  system  is  0.1  degree. 

The  necessary  digital  sarrmling  intervals  and  time  per  measure¬ 
ment  are  shown  in  Figure  1.2-29  as  a  function  of  target  size  and 
frequency  for  the  most  severe  cases.  As  can  be  seen,  the  measure¬ 
ment  time  and  sample  rate  are  directly  proportional  to  target  size; 
therefore,  by  extrapolation  of  the  present  RAT  SCAT  capability  for 
handling  12-foot  targets  to  60- foot  targets,  a  rotation  speed  of 
one  hour  per  revolution  and  a  sampling  interval  of  0.02  are  obtained 
to  compare  with  the  realistic  values  above. 

In  view  of  the  extreme  requirements  imposed  by  the  worst  case 
examples  cited  above,  it  appears  necessary  to  temper  the  selection 
of  a  data  rate  criterion  by  imposing  a  number  of  practical  considera¬ 
tions  of  (1)  the  probability  of  encountering  the  worst  case  situa¬ 
tion  aid  (2)  the  actual  utility  of  the  fine-grain  information  con¬ 
tent  in  the  data  associated  with  the  worst  case  situation  in  terms 
of  a  simple  extension  of  the  present  RAT  SCAT  capability. 

Item  1  above  can  be  examined  in  terms  of  the  operational  data 
subsequently  presented  in  subsection  2.2.  For  example,  the  con¬ 
ditional  probability  of  encountering  a  30-foot  or  longer  target,  at 
12  gigahertz  and  a  requirement  for  a  6-gigahertz  or  greater  measure¬ 
ment  on  a  60-foot  target  is  0.43  and  0.25,  respectively.  Both  of 
these  conditions  impose  a  requirement  for  an  angular  sampling  rate 
of  0.02  degree  on  the  basis  of  the  previous  discussion.  In  addi¬ 
tion,  an  examination  of  typical  target  scattering  diagrams  will  re¬ 
veal  that,  except  for  small  amplitude  variations  superimposed  on 
the  coarse  grain  structure,  the  lobe  width  characteristics  will 
seldom  be  significantly  characterized  by  a  worst-case  lobe-width 
pattern.  In  addition,  the  target  stability  criterion  imposed  (e.g., 


125 


apparent  lack  of  constant  rotation  speed,  which  includes  target 
motion  on  a  semiflexible  support)  must  be  quite  stringent  to  com¬ 
pletely  justify  specification  of  a  sampling  rate  of  0.02  degree. 

Thus  it  appears  that  a  sampling  interval  of  0.02  degree  will  pro¬ 
vide  an  adequate  resolution  for  all  frequency  and  target  conditions 
except  a  configuration  which  closely  resembles  a  60-foot  cylinder 
near  broadside. 

The  problem  of  rotation  speeds  of  the  target  is  separable 
from  the  angular  sampling  rate  problem  if  the  recording  system 
capability  or  response  is  adequate  for  handling  the  data  rates  under 
consideration.  The  RAT  SCAT  paper  tape  punch  presently  used  for 
digital  records  and  the  mechanical  sigma  servo  and  a  recorder  pre¬ 
sently  used  for  analog  records  are  not  adequate.  However, a  proto¬ 
type  of  an  electronic  sigma  servo  with  a  capability  of  10,000  dB 
per  second  has  been  delivered  to  RAT  SCAT.  This  unit  and  one  of 
several  off-the-shelf  commercial  recorders  will  provide  more  than 
adequate  analog-recording  capability.  The  digital  subsystem  pre¬ 
sently  under  consideration  for  use  at  RAT  SCAT  will  be  adequate  for 
this  application  (Subsection  3.2).  The  usable  data  rate  in  this 
system  is  in  excess  of  30  samples  per  second  which  can  be  inter¬ 
preted  to  allow  a  target  rotation  period  of  less  than  10  minutes 
at  a  sampling  interval  of  0.02  degree  of  azimuth  angle.  Con¬ 
sideration  of  the  influence  of  target  rotation  speed  on  system 
sensitivity,  in  terms  of  the  influence  on  the  number  of'  pulses 
integrated,  will  reveal  that  the  effect  is  insignificant  if  the 
radar  pulse  repetition  frequency  is  high  (near  5,000  pulses  per 
second).  Although  the  $250  cost  per  range  hour  may  influence  the 
target  rotation  rate,  this  time  element  is  relatively  insignificant 
when  it  is  considered  in  terras  of  the  overall  cost  involved  in  a 
typical  measurement  program,  as  illustrated  by  the  operational 
models  discussed  in  subsection  2.2. 

1.2.7  Conclusions 

The  conclusions  reached  in  the  investigation  of  the  long- 
range  and  high-power  method,  as  a  potentially  cost  effective 
means  of  large  object  radar  cross  section  measurement,  are  delineated 
in  the  following  paragraphs  in  terms  of  the  factors  of  (1)  adapta¬ 
bility  to  field  operation,  (2)  accuracy,  and  (3)  cost.  Study  re¬ 
sults  indicate  that  this  measurement  approach  is  a  clear  choice  for 
the  lower  frequency  measurements.  As  a  result,  a  number  of  equip¬ 
ment  features,  such  aa  rotator  requirements  and  minimum  range  lengths, 
are  necessary  equipment  items  and  do  not  influence  the  trade-off 
results.  The  trade-off  results  indicate  that  this  method  is  most 
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cost  effective  except  in  the  target  length  region  between  30  and 
60  feet  in  Band  7  (8  to  12  gigahertz),  and  40  and  60  feet  in  Band 
6  (4  to  8  gigahertz). 

1.2. 7.1  Adaptability  to  Field  Operations.  Inasmuch  as  this 
method  of  measurement  exactly  duplicates  the  present  RAT  SCAT 
operation  except  for  a  direct  extension  of  the  range  length  and 
sensitivity  requirements,  no  problem  exists  in  terms  of  the  suita¬ 
bility  of  using  this  method  at  RAT  SCAT. 

1.2. 7. 2  Accuracy.  The  long-range  and  high-power  method  is  based 
on  duplicating  the  radar  cross  section  measurement  technique  and 
procedures;  therefore,  no  deviation  from  the  present  RAT  SCAT 
accuracy  levels  is  anticipated. 

1.2. 7. 3  Cost.  The  most  significant  cost  associated  with  imple¬ 
mentation  and  operation  in  use  of  this  technique  can  be  found  in 
Tables  1.2-3  and  1.2-5,  and  in  the  operational  models  subsequently 
presented  in  subsection  1.5.  The  direct  ..costs  associated  with 
excessive  range  length  and  provision  of  control  and  signal  lines 
and  roadways  represent  the  primary  reason  for  limiting  the  use  of 
the  technique  as  a  single  solution  to  large  object  measurement. 

The  equipment  cost  associated  with  implementation  of  this  technique 
is  presented  in  Table  1.2-6  on  the  basis  of  a  coverage  considered 
optimum  for  this  technique.  The  required  sensitivity  can  be  achieved 
by  incorporating  the  combinations  of  components  shown.  The 

choice  of  including  coherent  integration  is  based  on  a  recommenda¬ 
tion  to  provide  a  vector  subtraction  capability  as  a  means  of  minim¬ 
izing  the  target  support  problem.  Provisions  of  this  capability 
involves  provision  of  a  basic  phase  measurement  capability  which 
represents  the  most  significant  cost  of  providing  coherent  integra¬ 
tion.  Other  significant  costs  associated  with  implementation  of 
this  method  are  those  associated  with  the  long  range  lengths  required. 

1.2. 7. 4  Other  Considerations.  Other  considerations  associated 
with  the  implementation  of  this  method  for  fvll  coverage  of  the  tar¬ 
get  length- frequency  spectrum  include  (1)  th„  availability  of  ade¬ 
quate  space  at  the  White  Sands  Missile  Range,  (2)  the  limited  practi¬ 
cality  of  setting  up  measurement  equipments  at  ranges  in  excess  of 

16  miles,  and  (3)  potentially  high  recurring  costs  associated  with 
the  operation  and  maintenance  of  the  large  number  of  sophisticated 
subsystems  required  to  obtain  the  necessary  equipment  sensitivity. 
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Table  1.2-6  LONG-RANGE  AND  HIGH-POWER  METHOD 


EQUIPMENT  REQUIREMENTS 


Area  Cost 
(1000  Dollars) 

Coherent  Integra tion( Bands  6&?) 

6.0 

Phase  Measurement  Capability 

4.1 

Sensitivity 

(Bands  6&7) 

Equipments 

RF  Preamplifier  (Bands  6&7) 

9.0 

1  MHz  IR  Amplifier 

2.5 

Noise  Subtraction  Equipment 

15 

Antenna  (Band  7) 

20 

Gantry 

50 

Rotator  &  Azimuth  Encoder 

300 

Facility 

Mobile  Van  Modifications 

5 

Equipments 

Roadway  and  Cables 

216 

Generator 

20 

Mobile  Antenna  Tower 

60 
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E  CROSS  SECTION  FOR  REPRESENTATIVE  LARGE  TARGETS 
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Fig.  1.2-4  CROSS  SECTION  OF  TARGET  3 
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1.2-14  VERTICAL  PLANE  NEAR  FIEL1 
(HORIZONTAL  CYLINDER  MOD] 


Fig.  1.2-15  VERTICAL  PLANE  NEAR  FIELD  LRROR 
(VERTICAL  CYLINDER  MODEL) 


Fig.  1.2-16  VERTICAL  PLANE  NEAR  FIELD  ERROR 
(TWO  SCATTERER  MODEL) 
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Fig.  1.2-17  ANTENNA  HEIGHT  REDUCTION  ERROR  LEVELS 
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Fig.  1.2-20  CUMULATIVE  ERROR  DENSITY  WITH  40  PERCENT  ANTENNA 
HEIGHT  REDUCTION 


2-21  VERTICAL  PLANE  GRADIENT  EXPERIMENTAL  DATA 
(IDEAL  ANTENNA  HEIGHT) 
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Fig.  1.2-23  LARGE  TARGET  STYROFOAM  SUPPORT  CROSS 
SECTION  DATA 
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Fig.  1.2-26  TARGET  CROSS  SECTION  DATA  FOR  NOISE  SUBTRACTION 
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2-28  ANALOG  NOISE  SUBTRACTION  BLOCK  DIAGRAM 
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Fig.  1.2-29 


1.3  Antenna  Far~Field  Simulation 


1.3.1  General 

The  approach  to  providing  a  technique  for  the  measurement 
of  large  targets  by  antenna  far- field  simulation  is  based  on 
the  use  of  a  polyfoam  lens  between  the  antenna  system  and  the 
target  in  order  to  improve  the  field  pattern  in  the  vicinity  of 
the  target  (Reference  9  and  ID) .  The  primary  requirement  asso¬ 
ciated  with  the  technique  is  that  of  providing  a  horizontal 
plane  phase  gradient  equivalent  to  that  encountered  in  the 
case  of  a  range  length  of  2D^/)l  .  The  primary  features  of 
interest  are  (1)  correction  efficacy,  (2)  lens  backscatter 
levels,  (3)  lens  tolerance  requirements,  and  (4)  operational 
features.  These  items  and  other  are  discussed  in  the  following 
paragraphs . 

This  approach  to  the  measurement  of  large  objects  proved 
to  be  the  most  cost  effective  in  Band  6  (4  to  8  gigahertz)  in 
the  case  of  target  lengths  from  40  to  60  feet,  and  in  Band  7 
(8  to  12  gigahertz)  in  the  case  of  targets  30  to  60  feet  in 
length.  The  primary  advantages  lies  in  the  reduction  of  range 
length  and  associated  costs.  The  primary  disadvantage  is  that  of 
the  lens  set  up  time. 

1.3.2  Basic  Design 

The  design  of  the  dielectric  lens  is  established  on  the 
basis  of  the  provision  of  an  adequately  small  phase  gradient 
in  the  vicinity  of  the  target.  The  design  of  the  dielectric 
lens  is  based  on  ray  tracing,  rather  than  on  the  complex  and 
intractable  boundary  value  problem,  and  the  results  obtained 
in  practice  indicate  that  this  design  approach  is  accurate 
(References  9  and  ID).  The  size  of  the  lens  is  a  function  of 
the  antenna  system  used  and  the  design  target  size  since  the 
rays  from  the  antenna  which  intercept  the  target  must  pass 
through  the  lens.  This  situation  can  be  easily  met  in  the 
horizontal  plane,  but  some  consideration  of  additional  para¬ 
meters  is  required  in  the  case  of  the  vertical  plane  on  a  ground 
plane  range.  These  requirements  are  discussed  in  paragraph 
1.3.4  under  physical  properties. 
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The  common  lens  design  Is  contingent  on  placing  the  target 
in  close  proximity  to  the  lens  and  on  placing  the  lens  a  suit¬ 
able  distance  from  the  antenna  so  that  a  spherical  wave  front 
appears  at  the  lens.  This  latter  approximation  is  generally 
good  and  more  than  adequate  in  the  case  of  the  geometry  envi¬ 
sioned  for  RAT  SCAT  operations.  The  lens  design  coraoonly  pro¬ 
vides  for  complete  correction  of  the  phase  front  at  the  target, 
in  addition  to  collimation.  In  view  of  the  size  of  targets 
In  this  study  and  the  corresponding  operational  problems  en^ 
countered  with  a  lens  of  comparable  size,  an  examination  of 
means  of  achieving  adequate  phase  correction  without  complete 
collimation  of  the  field  at  an  exit  plane  of  the  lens  is  indi¬ 
cated.  In  addition,  consideration  should  be  given  to  the  effects 
of  a  particular  design  on  the  backscatter  level  of  the  lens. 

The  effect  of  utilizing  the  lens  can  be  described  on  the 
basis  of  Huygens  principle  as  follows.  The  antenna  Is  con¬ 
sidered  s  point  source  so  that  the  wave  front  incident  on  the 
lens  Is  spherical.  The  lens  corrects  the  phase  and  direction 
of  the  incident  wave  rays  to  produce  an  essentially  collimated 
plane  wave  at  the  target.  On  the  basis  of  Huygens  principle, 
each  incremental  unit  of  surface  acts  as  a  point  source  and 
upon  excitation  by  the  incident  wave  will  produce  a  spherical 
wave.  An  analysis  of  the  resultant  of  these  waves  In  the  vicin¬ 
ity  of  the  target  will  show  that  the  well-known  near- field  pattern 
Is  obtained.  However,  on  the  basis  of  the  model  described,  the 
resultant  at  the  antenna  Is  not  influenced  by  near- field  effects 
because  only  one  ray  path  from  each  surface  "source"  will  arrive 
at  the  receiving  antenna.  Thus,  while  the  illumination  of  the 
lens  via  the  target  will  be  characterized  by  the  normal  near- 
field  pattern,  the  overall  result  of  the  lens  correction,  except 
for  lens  anomalies,  will  be  the  far- field  pattern  of  the  target 
at  the  antenna. 

The  basic  design  selected  for  the  lens  consists  of  a  two 
sided  convex  surface  (see  Figure  1.3-1)  with  a  surface  function. 
This  basic  design  Is  selected  instead  of  a  single  surface  be¬ 
cause  of  the  following  advantages: 

1.  More  flexibility  in  design 

2.  Reduced  radar  cross  section 

3.  Reduced  weight 

4.  Reduced  wind  loading. 
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All  of  these  advantages  accrue  as  a  result  of  1 imlnating  the 
plane  exit  surface. 


.  As  previously  indicated,  the  primary  features  of  interest 
in  the  effects  of  the  lens  are  those  of  phase  correction  and 
the  additional  consideration  that  a  degree  of  collimation  is 
desired.  The  limited  degree  of  collimation  required  enhances 
the  utility  of  a  lens;  e.g.,  at  2  a  one-way  phase  varia¬ 

tion  of  22.5°  appears  at  the  target  extremes. 

The  rigorous  requirements  for  lens  surface  contours  of 
this  type  are  more  complicated  than  those  for  the  single- surface 
lens  since  refraction  occurs  at  two  surfaces.  However,  accurate 
approximations  are  available  for  reducing  the  analytical  pro¬ 
blems.  The  parameters  of  the  analysis  can  be  limited  to  those 
associated  with  the  angles  8,?*,  and  P  and  the  appropriate  path 
length.  (Figure  1.3-1).  By  the  use  of  Snell's  law,  the  equa¬ 
tion  governing  the  antenna  side  surface  is  given  by 


1  dR  ,  n  sin (8  ~T) 

R  d8  n  cos (8  -  r )  -  1 


After  integration,  by  using  the  special  case  of  T  as  a  constant 
and  imposing  the  boundary  condition,  R  -  RQ  -  T  when  8  ■7'-  0, 


(Rp  “  T)  (n  cosT  -  1) 
n  cos  (8  -  T )  -  1 


(1.3-2) 


For  the  case  of  7  ■  0,  Equation  1.3-2  becomes  the  expression 
for  the  single  curved  surface  lens  (Reference  9)  which  is  pre¬ 
sently  being  used  at  the  Fort  Worth  Division  range  (Reference 
10). 


In  the  case  of  the  double  curved  surface  lens,  it  is 
necessary  to  make  T  a  function  of  8  in  order  to  achieve  the 
proper  results,  in  terms  of  a  requirement  for  collimation  or 
a  requirement  for  a  given  wave  divergence  at  the  exit  of  the 


lens.  In  this  case,  it  is  convenient  to  write  Equation  1.3*1 

as 


1 

dR 

_  n  sin  0) 

LI  -  afl 

R 

d0 

n  cos  [0 

(1  -  a3  -  1 

(1.3-3) 


where  Y  has  been  replaced  by  a9. 

The  general  solution  of  Equation  1.3-3  is  given  by 

In  R  -  In  |  n  cos[0  (1  -  a jj  +  const.  (1.3-4) 

Given  the  geometrical  boundary  condition,  R  -  R  -  T  when 

0-0. 

ln  R^,  -  T  “  1  -  a  ln  n  cos[0  (1  -  a)J  -  1  (1,3"5) 

and  since  R0  -  T  -  R  and  0  (1  -  a)  is  small,  Equation  1.3-5 
can  be  accurately  approximated  by 


u  -  (Rq  -  T)  n  -  1 

tl  -  a)  n  cos  £0  (1  -  a)J  -  1 


(1.3-6) 


The  selection  of  the  value  of  a  will  determine  the  de¬ 
gree  of  collimation  and  phase  correction  exhibited  by  the  lens. 
A  higher  order  of  the  T  dependence  on  9  can  be  selected,  but  a 
satisfactory  power  density  uniformity  can  be  realized  in  the 
simple  relationship  selected.  The  most  reasonable  practical 
approach  appears  to  be  that  of  providing  the  same  curvature  on 
both  lens  surfaces  but  additional  flexibility  can  be  obtained 
by  providing  a  different  function  on  the  two  sidos.  From  the 
geometry  of  the  lens  shown  in  Figure  1.3-1,  the  exit  angle  is 
obtained  by  using  Snell's  law  through  the  relationship, 

/>-  nr  -  (n  -  1)  (r/2  +(*)  (1.3-7) 
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where  the  approximation  is  based  on  n  sin  t  -  sin  n  l' ,  which 
is  valid  over  a  much  wider  region  than  n  sin  /  *  nf  .  Also, 
p  is  given  by  tan“l(dx/dy)  at  the  position  of  interest. 

The  remaining  condition  requiring  consideration  is  that  of 
the  phase  correction  introduced  by  the  lens.  As  shown  in  the 
geometry  of  Figure  1.3-1,  the  condition  for  phase  correction 
at  the  plane  y  ■  T'  is  given  by 


R  +  n4+  (T  +  T'  -  y)sec^  ■  RQ  +  T' 


+  T(2n  -  1)  (1.3-8) 


where  the  x  and  y  correspond  to  points  on  the  exit  surface. 

On  the  basis  of  the  foregoing  equation,  the  properties 
of  the  lens  can  be  defined  to  an  arbitrarily  high  accuracy, 
but  in  order  to  examine  the  properties  of  the  lens  by  using 
equations  in  closed  and  more  tractable  form,  it  is  convenient 
to  simplify  these  equations  through  the  use  of  approximations. 

The  approximations  used  in  this  context  are  considered  valid  in 
the  range  of  geometries  under  consideration  in  the  large-object 
study  and  are  based  on  (1)  placing  the  lens  at  a  reasonable  range, 
expected  to  be  much  greater  than  2000  feet,  and  (2)  the  choice 
of  a  lens  material  whose  refractive  index  is  near  one.  The  sig¬ 
nificance  of  the  range  in  this  case  is  a  result  of  the  angle  of 
incidence  of  the  energy  from  the  antenna;  the  worst-case  range 
cited  above  for  a  60- foot  target  will  result  in  a  ray  divergence 
of  only  0.03  radian.  In  addition,  it  will  be  evident  that,  in 
practical  cases,  the  lens  thickness  will  be  much  less  than  the 
range  length. 

On  the  basis  of  these  approximations,  Equation  1.3-6  can 
be  reduced  to  the  convenient  form  in  rectangular  coordinates 

x2  *  2(n  -  1)  £y2  +  Roy  -  T2  +  RoTj/(l  -  a),  -  T  <  y  <  0 

(1.3-9) 

and,  by  using  a  symmetrical  lens  configuration,  to  ',ne  form 

x2  -  2(n  -  1)  fy2  -  R0y  -  T2  +  R0t]/(1  -  a),  0iy<T 

(1.3-10) 
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It  can  be  seen  that  the  form  of  the  single  surface  collimating 
lens  results  if  a  -  0.  (References  9  and  10).  It  can  also  be 
seen  that  the  lens  thickness  is  given  by 

_  p2(l  -  a) —  (1.3-11) 

8  Ro(n  -  1) 

I 

I 

Under  the  conditions  of  long  range  length  cited  above,  it 
is  apparent  that  the  lens  will  not  exhibit  much  curvature  and 
that  an  approximately  linear  relationship  will  exist  between 
the  ray  incidence  angle  at  the  lens  surface,  inside  the  lens, 
and  at  the  lens  exit  surface  so  that  a  correction  of  approxi¬ 
mately  0/2  can  be  expected  at  each  surface  in  the  case  of  a 
collimating  lens.  In  this  case,  a  ■  0.5  and  the  overall  lens 
thickness,  given  by  2T,  will  be  approximately  equal  to  that  of 
the  single  curved  surface  lens.  However,  a  significant  reduc¬ 
tion  in  mass  will  be  realized  because  of  the  reduction  of  the 
material  along  the  edge  of  the  lens. 

Equations  1.3-7,  1.3-9,  and  1.3-10  can  be  used  to  obtain 
an  accurate  estimate  of  the  lens  properties  relative  to  the 
basic  design  parameter  a.  The  divergence  of  the  exit  rays, 
from  Equation  1.3-7,  can  be  written 

I 

I 

/>  r  [  <n  +  ^  “  '  1  ]  <*>  (1.3-12) 

where  the  angular  approximation 


0  -  x/Rq 


has  been  used.  In  addition,  it  is  assumed  that  the  angles  0, 

/»  ,  and  t  are  small  and  no  appreciable  change  in  the  angle 
occurs  between  the  point  a  .ay  enters  and  leaves  the  lens. 
Similarly,  it  is  evident  that  the  divergence  pattern  represented 
by  Equation  1.3-12  is  equivalent  to  a  range  length  of 

D  Rq  - _ 

R  ”  (n  +  l)a  -  1  2a  -  1 


(1.3-13) 


It  can  be  seen  from  this  equation  that,  when  a  -  0.5 
(or  T*  0.5  0),  the  range  approaches  infinity,  the  condition 
previously  suggested  on  an  intuitive  basis.  Given  this  result, 
it  is  necessary  to  define  the  phase  shift  correction  introduced 
by  the  lens  in  the  vicinity  of  the  exit  surface  of  the  lens  in 
order  to  predict  the  phase  pattern  at  the  target.  By  using 
Equation  1.3-8,  the  phase  0  of  the  wave  at  y  ■  T  is  given  by 


0/ko  -  R  -  Rc  -  y(2n  -  1)  -  2T(n  -  1)  (1.3-14) 


where.  the  y  term  defines  the  point  at  which  a  ray  enters  the 
lens  (i.e.,  -T^ysO)  and,  under  the  assumptions  discussed 
above,  A  has  been  replaced  by  -2y.  Since 

*  =  Ro  +  y  +  wf+1) 


and 


y 


x2(l  -  a) 

=1)6- 


T 


from  Equation  1.3-9,  Equation  1.3-14  becomes 


Jl 

^o 


(2a  -  1) 


(1.3-15) 


which  is  the  common  form  for  quadra  ic  phase  variation  at  a 
range  of  R  -  Ro/(2a  -  1). 

Thus  the  effect  of  the  lens  is  that  of  producing  a  wave 
front  equivalent  to  a  range  of  Rq/ (2a  -  1)  relative  to  the 
divergence  pattern  and  the  phase  shift  near  the  exit  of  the 
lens.  The  effective  range  to  the  target  can  be  written  Ro/(2a-l) 
+  T' ,  and  this  effective  range  can  be  equated  to  2D2/  }\  in  the 
case  of  a  particular  target  and  frequency  to  obtain  the  required 
value  of  a. 
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The  value  of  a  is  illustrated  in  Figure  1.3-2  for  the 
case  of  a  number  of  conditions  based  on  obtaining  a  2D^/>  for 
a  selected  target  length  at  12  gigahertz.  An  examination  of 
these  data  indicates  that  a  small  change  in  the  value  of  a  has 
a  pronounced  effect  on  the  pattern  produced  by  the  lens,  or 
conversely,  a  large  degree  of  flexibility  in  the  use  of  a  given 
lens  can  be  obtained  by  the  simple  expedient  of  varying  the 
measurement  range  configuration.  Other  parameters  of  interest 
in  the  design  of  a  dielectric  lens  include  size,  weight,  and 
radar  backscatter. 

1.3.3  Radar  Cross  Section 

Hie  radar  cross  section  of  the  lens  can  be  a  significant 
feature  in  terms  of  a  source  of  an  extraneous  signal  which  can 
introduce  coherent  interference.  If  the  strength  of  this  ex¬ 
traneous  signal,  relative  to  the  target  signal,  is  excessive, 
an  error  in  the  target  signal  measurement  will  result.  The 
relative  signal  level  between  the  lens  backscatter  and  the  tar¬ 
get  backscatter  is  effectively  dependent  on  (1)  the  cross  sec¬ 
tion  levels  of  the  two  scatterers,  (2)  the  relative  range  to 
each  scatterer  and  (3)  the  isolation  capability  of  the  radar 
system.  Hie  isolation  feature  of  primary  interest  is  that  of 
range  gating  the  target. 

Successive  approximations  were  used  to  demonstrate  that 
the  maximum  lvns  cross  section  level  (X-band)  is  on  the  order 
of  50  dBsm,  a  value  which  indicates  that  the  equipment  isola¬ 
tion  must  be  on  the  order  of  90  dB.  The  evaluation  of  the  iso¬ 
lation  capability  of  the  appropriate  equipment  is  not  amenable 
to  theoretical  analysis  and  therefore  was  accomplished  on  the 
basis  of  data  obtained  from  the  experimental  measurements. 

Data  obtained  at  RAT  SCAT  indicated  that;  two  signal  levels 
in  essentially  adjacent  range  bins  (500  foot  separation)  will 
not  interact  to  a  measurable  degree  when  the  relative  signal 
strength  between  thp  two  signals  is  in  excess  of  80  dB.  This 
situation  was  simulated  at  the  RAT  SCAT  site  by  providing  a 
closed  loop  (antennas  bypassed)  1-microsecond  signal  followed 
by  1-microsecond  signal  with  an  amplitude  of  80  dB  below  the 
first.  These  signal  levels  essentially  encompassed  the  receiver 
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saturation  level  and  noise  levels  which  is  a  wor°t  case  situa¬ 
tion.  It  is,  therefore,  concluded  that  the  recovery  time  of 
the  RAT  SCAT  system  is  such  that  no  isolation  problem  would 
exist. 

No  approach  to  lens  design  has  revealed  a  method  of  pro¬ 
viding  broadband  radar  cross  section  reduction. 

1.3.4  Lens  Physical  Properties 

The  primary  physical  properties  of  interest  in  the  use 
and  design  of  the  lens  are  the  size  and  weight.  A  significant 
influence  of  these  features  is  the  choice  of  the  dielectric 
constant  of  the  material  although  this  choice  is  not  critical 
for  reasonable  values  thereof.  The  dielectric  constant  of  the 
material  is  approximately  proportional  to  the  material  density, 
and  the  volume  under  a  given  range  condition  is  approximately 
inversely  proportional  to  the  dielectric  constant  because  of 
the  increased  thickness  required.  From  the  viewpoint  of  struc¬ 
tural  strength,  including  susceptibility  to  accidental  damage, 
the  density  of  the  material  should  be  about  3  pounds  per  cubic 
foot.  This  value  will  result  in  a  refractive  index  in  the 
vicinity  of  1.05  which  is  a  practical  value  from  the  viewpoint 
of  other  lens  properties;  in  addition,  in  this  range  such 
properties  as  weight,  radar  cross  section,  and  construction 
tolerances  are  not  critical  in  terms  of  the  value  selected. 

From  the  viewpoint  of  fabrication  problems,  a  material  whose 
density  is  in  this  vicinity  is  readily  machinable  and  there 
is  no  severe  handling  problem. 

Representative  data  on  the  weight  and  thickness  expected 
can  be  found  in  Figures  1.3-3  through  1.3-5.  There  is  no 
severe  problem  in  selecting  a  manageable  design  from  the  view¬ 
point  of  weight  and  size  although  handling  requirements  will 
be  similar  to  those  for  a  large  target.  The  data  shown  in 
these  figures  are  based  on  the  analysis  presented  in  paragraph 
1.3.2.  In  Figure  1.3-3,  the  lens  width  is  displayed  as  a  func¬ 
tion  of  the  antenna- to- lens  and  lens- to- target  ranges.  The 
lens  width  requirement  is  based  on  the  geometrical  relationship 
given  by 

R0  D 

W  "  R0+-’  (1.3-16) 

where  W  is  lens  width,  Rq  is  the  lens  to  antenna  range  length, 
T'  is  the  lens- to- target  range  length,  and  D  is  the  target  len0 


In  Figure  1.3-4,  the  lens  thickness  is  illustrated  as  a 
function  of  the  same  range  parameters.  On  the  basis  of  a  den¬ 
sity  of  3  pounds  per  cubic  foot,  the  weight  of  the  lens  re¬ 
sulting  from  the  choice  of  various  parameters  Is  shown  In 
Figure  1.3-5.  It  can  be  seen  from  these  data  that  there  is  no 
critical  region  in  the  physical  design  parameters  of  the  dielec¬ 
tric  lens  and  that  a  reasonable  size  and  weight  can  be  realized. 

A  significant  aspect  of  the  use  of  the  lens  configuration 
of  interest  is  that  of  wind  loading.  This  feature  will  limit 
the  operational  utility  and  requires  the  use  of  a  shelter  when 
not  in  use.  The  problem  is  not  considered  to  be  severe  because 
(1)  the  utilization  rate  is  expected  to  be  low,  (2)  quiet  wind 
periods  are  common  and  (3)  the  prevalent  wind  direction  under 
the  anticipated  range  geometry  is  in  a  direction  such  that  the 
primary  wind  loading  is  along  the  longitudinal  axis  of  the  lens. 
An  estimate  of  wind  loading  magnitude  is  shown  in  the  case  of 
broadside  and  end-on  wind  loading  in  Figure  1.3-6.  These  data 
are  based  on  an  equation  (Reference  11)  of  the  wind  rorce 

W  *  CqA  (1.3-17) 

where 

V  «  wind  velocity  in  miles  per  hour 
p  -  0.002378  lb  sec2/ft4 
A  -  the  effective  area 
C  -  shape  factor 
q  -  0.002558  V2 

This  worst  case  situation  of  a  63  by  10  foot  lens  (refer 
to  Figure  1.3-6)  was  computed  by  using  coefficient  of  1.5  and 
0.5  for  the  broadside  and  end-on  cases  which  appear  to  be 
somewhat  excessive  in  this  case.  The  computed  dates  indicates 
that  the  end  on  leading  will  not  introduce  severe  problems 
over  a  wide  range  of  wind  velocity,  but  the  broadside  case  is 
clearly  excessive.  The  mounting  and  guy  line  arrangement  ex¬ 
pected  to  be  used  with  the  lens  (refer  to  subsection  3.3)  and  the 
quiet  wind  periods  in  the  RAT  SCAT  area  are  expected  to  allow 
a  reasonable  lens  utilization  rate. 
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Since  the  size  of  the  lens  is  dependent  on  the  target- lens 
separation,  it  is  necessary  to  consider  the  electrical  effects 
of  this  separation.  In  Figure  1.3-7,  a  set  of  contours  is  pre¬ 
sented  which  represent  the  amplitude  variation  in  the  near 
field  of  a  uniformly  illuminated  aperture  (Reference  12).  These 
data  are  shown  in  terms  of  the  contours  normal  and  parallel  to 
the  axis  of  the  aperture  and  are  also  normalized  in  aperture 
widths.  The  effective  aperture  of  interest  in  the  lens  appli¬ 
cation  is  the  horizontal  plane  lobe  width  -  range  length  pro¬ 
duct  in  the  lens  vicinity.  This  beam  width  can  Le  approximated 
by  1.6  7\/d  where  d  is  the  antenna  dish  diameter.  In  the 
worst  case  of  a  21.000  foot  range  length  (refer  to  paragraph 
1.3.6)  and  a  6  foot  antenna  at  X-Band,  the  effective  aperture 
width  is  470  feet.  In  terms  of  the  worst  case  target  length 
of  60  feet,  the  region  of  interest  is  in  0.13  apertures  nor¬ 
mal  and  parallel  to  the  axis  of  the  effective  aperture.  The 
data  in  Figure  1.3-7  indicates  that,  the  region  of  these 
dimensions,  where  the  amplitude  gradients  are  insignificant, 
will  exist  over  a  wide  region  along  the  axis  of  the  lens.  In 
terms  of  the  amplitude  levels,  losses  appear  to  become  excessive 
at  a  distance  of  greater  than  1.4  apertures  (660  feet).  Thus 
it  appears  that  no  problem  will  arise  from  field  gradients  in 
the  near  field  region  in  this  application.  This  region  is 
compatible  with  the  system  recovery  time  requirements  of  a 
lens- target  separation  of  about  6C0  feet  (refer  to  paragraph 
1.3.3).  On  the  basis  of  the  above  discussion,  the  recommended 
target  lens  separation  is  600  feet.  It  is  of  interest  to 
note  that  excessive  phase  variations  appear  at  a  distance  along 
the  aperture  axis  at  about  2  apertures  (Reference  12). 

Tests  using  the  Fort  Worth  Division  Dielectric  lens  have 
demonstrated  the  correction  of  a  basic  lens  (Reference  10). 

An  example  of  the  phase  correction  efficiency  of  the  subject 
lens  is  presented  in  Figure  1.3-8.  These  data  are  indicative 
of  the  extreme  correction  available  using  a  dielectric  lens. 

Restrictions  on  the  utilization  of  the  range  of  lens  physi¬ 
cal  properties  described  above  include  the  accuracies  required 
in  construction  tolerances  (paragraph  1.3.5)  and  the  requirements 
for  lens  height  which  result  from  the  generation  of  the  typical 
groundplane  range  field  pattern  in  the  vertical  plane. 
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The  lens  height  limitation  can  be  examined  on  the  basis 
of  the  geometry  in  Figure  1.3-9.  A  limitation  is  imposed  only 
when  the  antenna  height  (bp)  is  greater  than  the  target  height 
(ht).  From  this  figure,  it  can  be  seen  that  in  the  case  of  a 
total  range  length  of  R0  +  T'  and  a  target  radius  of  a,  the 
upper  (h2)  and  lower  (h^)  bounds  of  the  lens  can  be  expressed 
in  terms  of  the  geometry  to  obtain 

h2  -  hi  *  2a  +  ?yT7<2ht)  (1.3-18) 

It  can  be  seen  that  the  lens  height  is  independent  of  target 
height  except  through  the  familiar  relation  haht  s  ^(Ro  +  T')M. 
The  data  shown  in  Figure  1.3-9  are  based  on  the  use  of  Equation 
1.3-7,  a  target  radius  of  4  feet,  a  target  height  of  12  feet, 
and  selected  values  of  T’ ,  A  range  geometry  feature  of  inter¬ 
est  in  interpreting  the  data  in  Figure  1.3-10  and  the  trade-off 
study  is  shown  in  Figure  1.3-11.  In  this  figure, the  minimum 
operating  frequency  available  for  the  case  of  a  selected  fixed 
range  is  shown  in  terms  of  a  family  of  curves  based  on  selected 
values  of  the  product  of  the  antenna  height  and  the  target 
height.  On  the  basis  of  the  target  to  lens  separation  required 
using  the  aperture  model  and  height  model,  it  is  necessary  to 
obviate  any  further  consideration  of  reducing  the  width  of  the 
lens  by  increasing  the  lens  to  target  separation. 

1.3.5  Lens  Tolerance  Requirements 

The  requirement  for  mechanical  accuracy  in  the  fabrication 
of  a  dielectric  lens  is  expected  to  be  a  significant  parameter 
in  the  initial  cost  of  such  a  lens.  A  number  of  criteria  can 
be  used  to  form  a  practical  basis  for  establishing  the  lens 
tolerance  requirements.  The  primary  feature  of  interest  in 
the  use  of  a  lens  is  the  phase  illumination  pattern  in  the 
vicinity  of  the  target  since  the  low  loss  and  short-path  length 
through  the  lens  introduce  negligible  amplitude  variation.  It 
will  be  seen  that  the  requirements  for  construction  tolerance 
are  severe  as  the  refraction  index  of  the  lens  materials  is  in¬ 
creased  and  that  the  distance  separating  the  lens  from  the 
target  can  influence  the  tolerance  limitation. 

The  model  selected  for  evaluation  the  requirements  for  lens 
accuracy  is  based  on  a  prediction  of  the  backscatter  from  a  tar¬ 
get  with  an  infinite  radius  of  curvature  (e.g.,  flat  plate  or 
cylinder)  and  a  regular  deviation  of  the  lens  surface  from  the 
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true  value.  The  regular  surface  variation,  l.e.,  the  lens 
thickness  variation,  was  selected  to  be  represented  by  a  cir¬ 
cular  function  to  produce  the  form 


T(x)  -  A  sitt(Bx)  (1.3-19) 

where  the  A  is  the  peak  amplitude  variation  and  the  B  represents 
the  periodicity  of  the  variation. 


When  Huygen's  principle  is  applied, the  error  resulting 
from  the  phase  illumination  pattern  is  given  by 
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(1.3-20) 


where  L  is  the  length  of  the  line  scatterer  and  x  is  measured 
along  L.  Equation  1.3-20  can  be  evaluated  by  means  of  the 
substitution. 


0  ■  Bx,  to  obtain 
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(1.3-21) 


where  B  is  interpreted  as  BL  “  2MTT .  This  interpretation  can 
be  made  without  loss  of  generality  if  B  is  large  enough  to  pro¬ 
duce  a  large  number  of  periods  of  the  phase  distribution  over 
the  length  L.  Then, 
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or 


E  - 


[ 


2  kA(n  - 


(1.3-23) 


where  JQ  is  the  zero  order  Bessel  function.  In  anticipation 
of  the  requirement  for  a  small  value  of  the  J0  argument  in 
order  to  maintain  small  errors,  Equation  1.3-23  can  be  accur¬ 
ately  approximated  by 

2 

E  «  £l  -  k2A2 (n  -  l)2  +2  k4A4(n  -  .1)^  (1.3-24) 


The  evaluation  of  this  expression  is  shown  in  Figure  l.^-x2  in 
terms  of  the  error  introduced  by  a  construction  tolerance 
relative  to  (n  -  l)fy  .  This  result  is  not  sensitive  to  the 
analytical  form  selected  for  the  fabrication  variation.  It 
can  also  be  seen  that  the  accuracy  requirements  are  reduced 
by  reducing  the  refractive  index. 


The  foregoing  analysis  is  based  on  placing  the  target  in 
close  proximity  to  the  lens  in  that  no  consideration  is  given 
to  the  phase  gradient  introduced  by  a  deviation  of  the  waves 
from  the  usual  path  and  the  corresponding  phase  lag  caused  by 
increased  path  length.  It  is  therefore  necessary  to  consider 
a  criterion  based  on  variation  in  the  slope  of  the  lens  sur¬ 
face  in  terms  of  the  target- to- lens  separation.  If,  as  pre¬ 
viously  supposed,  the  surface  variation  is  reasonably  regular 
and  small  in  effect,  then  the  phase  variation  in  the  vicinity 
of  the  target  resulting  from  slope  variation  is  expected  to 
be  regular  and  produce  an  error  of  the  same  form.  Because  of 
the  expected  surface  forming  conditions  and  the  range  of 
target- to- lens  distance  of  interest,  this  effect  is  not  ex¬ 
pected  to  be  significant.  However,  a  criterion  can  be  estab¬ 
lished  on  the  basis  of  the  foregoing  analysis  by  considering 
the  path  length  error  required  to  produce  the  same  amount  of 
phase  shift  encountered  as  a  result  of  the  variation  in  the 
path  length  through  the  lens. 

On  the  basis  of  the  geometrical  considerations  illustrated 
in  Figure  1.3-13, the  path  length  error  R  resulting  from  a 
deviation  in  the  path  direction  is  given  by 
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AR  «  f-  T'  -  i- 


sin^cx 


where  T'  is  the  separation  between  the  target  and  the  lens 
and  ocis  the  ray  path  deviation.  In  the  case  of  interest,  the 
correct  slope  of  the  surface  and  the  slope  error  (0)  are  small, 
and  on  this  basis  sintf  *  sin  (n  p )  so  that 

AR  *  y-  sin2  |/(n  -  1)]  (1.3-25) 

The  resulting  maximum  phase  deviation  is  comparable  to  the 
variation  resulting  from  the  use  of  Equation  1.3-19  when 

A  ■  y-  sin2[/*(n  -  lj|  (1.3-26) 

In  Figure  1.3-14,  the  parameter  A,  representing  the  peak  vari¬ 
ation  in  the  lens  surface,  is  related  to  the  equivalent  slope 
variation  for  selected  values  of  T'  and  for  the  case  of  n  -  l.C 
These  data,  along  with  those  in  Figure  1.3-12,  can  be  used  to 
define  the  desired  slope  limitation  in  the  cases  where  a  re¬ 
quirement  for  a  large  T’  exists. 

Another  approach  to  the  specification  of  lens  tolerances 
is  based  on  the  requirements  for  phase  measurement  accuracy. 

In  this  case,  the  resultant  requirements  for  lens  tolerance 
are  sensitive  to  the  type  of  analytical  model  selected.  In 
the  analysis  leading  to  Equation  1.3-24,  it  is  clear  that  no 
phase  measurement  error  will  result  although  the  amplitude 
measurement  error  can  become  excessive.  However,  in  the  case 
wherein  a  point  scatter er  is  used  for  a  reference,  the  maxi¬ 
mum  phase  error  is  given  by 

'  2  M  (1.3-27) 

which  is  a  severe  restriction  at  high  frequency  in  the  range 
of  phase  accuracy  commonly  required.  Of  course,  if  use  were 
made  of  the  model  described  above  for  lens  surface  variation, 
the  average  phase  error  would  be  zero, and  the  rms  error  would 
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be  2  kA.  Use  of  a  model  which  contains  a  large  number  of  con¬ 
tributing  scatterers  will  also  tend  to  reduce  the  net  phase 
error,  as  in  the  case  of  the  infinite  radius  of  curvature 
target.  This  case  appears  to  be  the  most  appropriate  to  the 
large-object  study;  consequently,  the  lens  tolerance  require¬ 
ments  will  be  based  on  Equation  1.3-24  where  the  worst  case 
will  be  taken  to  be  the  amplitude  error  resulting  from  the  use 
of  a  target  with  an  infinite  radius  of  curvature. 

The  practicality  of  the  lens- fabrication  tolerance  des¬ 
cribed  above  has  been  established  through  discussions  with 
potential  manufacturing  firms  and  the  fact  that  the  design  of 
the  lens  presently  in  use  at  the  Fort  Worth  Division  was  based 
on  a  form  of  Equation  1.3-27  to  produce  a  phase  error  of  2  de¬ 
grees  ms, 

1.3.6  Equipment  Requirements 

The  basic  equipment  components  required  in  the  antenna 
far  field  simulation  method  and  similar  to  those  required  in 
one  long  range  and  high  power  approach  except  for  the  addition 
of  the  dielectric  lens.  The  equipment  description  present  in 
paragraph  1,2.6  is  applicable  to  the  individual  items  required 
except  that  the  total  sensitivity  requirement  is  reduced  by 
the  use  of  this  method. 

The  required  components  are  presented  in  Table  1.3-1  along 
with  cost  information.  These  requirements  are  treated  in  more 
detail  in  the  subsection  3.2. 

Table  1.3-1  ANTENNA  FAR  FIELD  SIMULATION 
METHOD  EQUIPMENTS  * 


r - - - - - 

Equipment 

Area 

aOGG  Dollars) 

Dielectric  lens 

30 

Lens  Shelter 

10 

1  MHz  Bandwidth  IF 

2.5 

Band  6,7  -  Phase  Measurement 

41 

Band  6,7  -  Coherent  Integration 

8.5 

Band  7  -  Low  noi°e  preamplifier 

4.5 

Roads  and  Signal  Cables 

72 

^Facility  equipments  presented  in  Table  1.2-6  are  applicable. 
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1.3.7  Conclusions 


The  conclusions  reached  in  the  investigation  of  the  antenna 
far  field  simulation  method  as  a  potentially  cost  effective  means 
of  large  object  radar  cross  section  measurements  are  delineated 
below  in  terms  of  the  factors  of  (1)  adaptability  to  field  oper¬ 
ations,  (2)  accuracy,  and  (3)  cost. 

The  overall  study  results  (subsection  2.5)  indicate  that 
this  measurement  approach  is  the  most  cost  effective  in  the 
target  length  region  between  3C  and  60  feet  in  Band  7  (3  to  12 
gigahertz,  and  40  to  60  feet  in  Band  6  (4  to  8  gigahertz).  As 
a  result,  detailed  information  associated  with  this  method  are 
presented  in  the  recommendations  section  (Section  3). 

1.3. 7.1  Adaptability  to  Field  Operations.  The  use  of 
this  technique  duplicates  the  present  RAT  SCAT  operation  pro¬ 
cedures  except  for  the  operations  associated  with  the  use  of 
a  dielectric  lens.  The  incorporation  cf  the  lens  introduces 
operational  features  such  as  additional  set  up  time  and  poten¬ 
tial  problems  in  inclement  weather.  However,  the  study  re¬ 
sults  indicate  that  these  problems  will  be  minimal  inasmuch 
as  sufficient  time  under  good  weather  conditions  is  available 
and  the  emplacement  of  the  lens  introduces  only  a  small  addi¬ 
tional  cost  because  of  increased  measurement  program  range 
time. 


1.3. 7. 2  Accuracy .  The  study  results  and  the  results  ob¬ 
tained  in  other  programs  indicate  that  a  lens  design  can  be 
provided  which  will  introduce  negligible  error  (i.e.,  less 
than  0.5  dB.  This  factor, when  weighed  against  the  errors  of 
potentially  severe  problem  areas  associated  with  other  methods 
was  the  basic  reason  for  selecting  this  technique  for  use  in 
the  large  D region. 

1.3. 7. 3  Cost.  The  primary  cost  associated  with  implemen¬ 
tation  of  this  method  are  those  associated  with  providing  the 
required  measurement  sensitivity,  the  dielectric  lens  and  the 
additional  set  up  time  required  using  the  lens. 

Other  significant  costs  include  roadway  and  signal  and 
control  cable  cost  which  total  $2.5  per  foot  and  are  applicable 
over  a  range  of  length  of  28,800  feet. 
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Details  associated  with  the  costs  of  implementing  this 
method  are  presented  in  the  recommendation  section  of  this 
report  (Section  3). 
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Fig.  1.3-4  LENS  THICKNESS  REQUIREMENTS 
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1.3-5  WEIGHT  OF  DIELECTRIC  LENS 


1.3-6  LENS  WIND  LOADING 
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Fig.  1.3-7  NEAR  FIELD  APERTURE  PATTERN 
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Fig.  1.3-12 


LENS  CONSTRUCTION  TOLERANCE 
REQUIREMENTS 
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1.4  Analytical  Correction  of 
Near  Field  Data 


1.4.1  General 


A  portion  of  the  large  object  measurement  study  was  oriented 
toward  definition  of  the  error  forms  resulting  from  measurements 
obtained  in  the  near  field  and  means  of  analytically  reducing  the 
resulting  measurement  errors.  A  detailed  analysis  of  potential 
measurement  errors  caused  by  near  field  effects  was  made  in  terms 
of  (1)  the  class  of  targets  to  be  measured,  (2)  the  antenna  system 
(3)  the  frequency  range  of  interest,  a..d  (4)  the  anticipated  range 
geometries.  A  general  formulation  of  the  near- field  problem  was 
imolemented  on  the  IBM  7090  digital  computer  and  used  to  compute 
the  near-field  error  related  to  selected  targets,  frequencies, 
and  range  geometries.  The  results  obtained  from  these  computa¬ 
tions  were  used  to  assess  the  feasibility  of  analytically  correct¬ 
ing  measurement  errors  caused  by  measuring  large  targets  at  ranges 
less  than  the  normally  accepted  values  of  2D2/7l,  where  D  is  the 
maximum  dimension  of  the  target. 

This  technique  was  found  to  be  unfeasible  on  the  basis  of 
the  excessive  error  level  and  the  erratic  and  unpredictable 
nature  ^f  the  errors  produced  ia  the  near  field  at  ranges  less 
than  2D  This  degree  of  reduction  was  required  in  order  for 
this  approach  to  be  competitive  on  a  cost  basis  with  other  methods 
Although  the  error  levels  defined  in  this  study  were  excessive  for 
the  application  defined  herein,  the  levels  were  not  as  large  as 
commonly  expected.  The  most  applicable  region  for  use  of  this 
method  is  in  Band  6,  40-  to  60- foot  target  lengths.  Details  of 
significant  features  associated  with  this  measurement  method  are 
presented  in  the  following  paragraphs. 

1.4.2  Range  Length  Effects 

The  primary  analysis  of  range  length  effects  was  based  on 
the  results  obtained  using  a  computer  program  written  for  use 
i;i  calculating  the  error  caused  by  near- field  effects  for  the 
case  of  an  elliptic  cylinder.  This  program  was  used  to  obtain 
the  data  considered  necessary  for  defining  the  representative 
measurements  conditions  encountered  at  RAT  SCAT  in  measuring 
large  targets.  Four  methods  of  computing  the  near -field  error 
are  included  in  the  computer  program  to  allow  the  error  to  be 
computed  for  the  following  cases: 
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Sq  -  Phase  and  amplitude  curvature  in  the  horizontal  and 
vertical  planes  by  using  distributed  antennas 

Si  -  Phase  and  amplitude  curvature  in  the  horizontal  plane 
by  using  distributed  antennas 

J>2  -  Phase  and  amplitude  curvature  in  the  vertical  plane  by 
using  distributed  antennas 

S3  -  Phase  and  amplitude  curvature  in  the  vertical  and 
horizontal  planes  by  using  point  source  antennas 

These  cases  comprise  the  four  subroutines  used  in  the  computer 
program.  Appendix  B  contains  a  discussion  of  the  basic  equation 
from  which  the  expressions  used  in  the  above  four  subroutines 
were  derived.  The  basic  computer  program  is  illustrated  in 
Figure  x.4-1  and  the  subroutines,  along  with  the  programmed 
equations,  are  presented  in  the  appendix. 

The  input  parameters  indicated  in  Figure  1.4-1  are  classified 
in  terms  of  the  part  of  the  program  quantities  with  which  they 
are  associated.  The  measurement  condition  parameters  were 
defined  above,  the  remaining  parameters  are  defined  below: 

1.  Target  Size  and  Aspect 

L  *  Cylinder  length  in  wavelengths 

9q  m  Initial  value  in  .adians  of  the  cylinder  axis 
relative  to  broadside  of  Gq  «  0 

Ae  *  Increment  for  stepp  ig  the  cylinder  aspect  in 
radians 

N  ■  Number  of  aspect  increments 

A  -  Cylinder  major  axis  in  wavelengths 

B  -  Cylinder  minor  axis  in  wavelengths 

2.  Range  and  Antenna  Geometry 

R0  ■  Initial  range  to  target  in  wavelengths 

^  «  Percent  increase  in  range  relative  to  Rq 

M  »  Number  of  range  increases 
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The  parameters  were  written  in  terms  of  wavelengths  to  obtain 
data  which  could  be  interpreted  in  terms  of  both  target  size  and 
measurement  frequency.  The  parameters  and  their  values  used  in 
the  various  theoretical  investigations  of  large  objects  are 
listed  in  Table  1.4-1  along  with  the  subroutines  which  were  used. 

As  indicated  in  this  table,  the  near- field  error  computer  program 
was  used  to  obtain  data  for  use  in  the  long-range  and  high-power 
study,  as  well  as  in  the  analytical  correction  investigation.  To 
relate  the  normalized  values  of  the  problem  parameters  presented 
in  Table  1.4-1  (target  size,  range  length,  target  height,  etc.) 
to  frequency  and  dimensions  in  feet,  the  relationship  plotted  in 
Figure  1.4-2  can  be  used.  For  example,  the  value  of  A  shown  in 
Table  1.4-1  can  be  related  to  the  cylinder  radius  (major  axis)  in 
feet  with  the  aid  of  Figure  1.4-2  by  selecting  the  frequency  of 
interest. 

Results  obtained  by  using  the  values  listed  in  Table  1.4-1 
are  plotted  in  Figures  1.4-3  through  1.4-14,  for  the  case  of  the 
analytical  correction  study  parameters.  In  Figures  1.4-3  through 
1.4-10,  cross  section  data  is  presented  as  a  function  of  normal¬ 
ized  range  for  the  case  of  four  aspect  regions  between  broadside 
and  30  degrees  from  broadside.  The  data  presented  in  Figures  1.4-3 
through  1.4-6  are  for  the  case  of  a  100^  length  target  at  ranges 
of  oo  D2/*,  3  D 2/fl ,  2  D  and  r>2/^.  The  data  in  Figures  1.4-7 
through  1.4-10  are  for  the  case  of  a  500  length  target  at  ranges 
of  oo  D2/3,  5  D2/7i,  and  4  D2/^.  The  data  in  each  of  these  figures 
was  computed  for  the  case  of  a  point  source,  and  as  can  be  seen 
in  the  figures,  the  region  of  substantial  error  is  the  vicinity 
of  the  first  side  lobe.  Except  for  this  region  (which  corresponds 
to  less  than  one  percent  of  the  aspects),  the  error  incurred 
even  at  a  range  of  D is  (on  the  average)  quite  small  with  the 
exception  of  the  singularity  points  (nulls).  Also,  the  feasibility 
of  correcting  these  errors  is  questionable  because  of  the  fact 
that  the  errors  introduced  are  not  monotonic  functions  of  aspect 
and  range.  In  addition,  the  error  is  dependent  upon  the  antenna 
size  although  in  the  case  of  large  objects  the  antenna  size  will 


*  Height  of  beam  maximum  in  wavelengths 

*  Transmit  antenna  diameter  in  wavelengths 
■  Receive  antenna  diameter  in  wavelengths 

*  Distance  of  target  center  below  Ht  in  wavelengths. 
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Table  1.4-1  PARAMETER  VALUES  FOR  NEAR  FIELD  ERROR  PROGRAM 
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be  a  small  fraction  of  the  target  length.  To  illustrate  the 
effect  of  antenna  size  on  the  cross  section,  the  data  in  Figures 

1.4-11  and  1.4-12  were  computed  for  the  cases  of  (1)  a  point 
source,  (2)  an  antenna  diameter  of  one  half  target  length,  and 
(3)  an  antenna  diameter  equal  to  the  target  length  (in  Figure 

1.4-11  only).  On  the  basis  of  the  data  presented  in  Figures 

1.4-11  and  1.4-12,  it  appears  that  a  measurement  range  of 
2(D  +  L)2/^  should  be  used  as  a  range  criterion  rather  than 
2(D2  +  L 2)/fl  or  2X2/^  where  X  is  the  larger  of  D  or  L;  the 
experimental  results  indicate  that  the  latter  criterion  is 
appropriate  to  the  antenna- target  site  geometries  of  interest  in 
the  measurement  of  large  objects. 

Measured  data  obtained  under  Contract  AF30(602)-3872  was 
used  to  validate  the  computed  cross  section,  such  as  the  data 
presented  in  Figures  1.4-3  through  1.4-10.  Figures  1.4-13 
and  1.4-14  contain  measured  data  on  cylinders  measured  at  a 
range  of  D2/7y  and  4D2/^  ,  respectively.  Also  indicated  in  the 
figures  are  computed  data  for  the  same  conditions.  On  the 
basis  of  the  agreement  between  theory  and  measurement,  exhibited 
by  the  data  in  Figures  1.4-13  and  1.4-14,  the  mathematical  model 
used  to  examine  near- field  error  is  considered  to  be  representa¬ 
tive  of  that  which  would  be  experienced  in  practice  in  the  case 
of  simple  cylindrical  targets. 

The  portion  of  the  experimental  program  directed  to  obtaining 
measurements  at  range  lengths  less  than  TXrl'h  was  conducted  at 
three  range  lengths  by  using  three  basic  target  configurations, 
a  number  of  ancillary  targets,  arid  two  different  sizes  of  antenna 
aperature.  The  basic  target  configurations . (Figure  1.1-41) 
were  measured  at  ranges  of  approximately  2D2/^  (position  0),  D2/^\, 
(position  1),  and  0.6  D 2/ft  (position  2)  where  D  is  the  basic 
target  length.  The  experimental  data  closely  approximate  the 
theoretical  cylinder  results  (Figure  1.4-15)  which  were  obtained 
from  the  theoretical  data  previously  presented  in  Figures  1,4-3 
through  1.4-10.  The  cumulative  error  densities  for  the  3  targets 
are  shown  in  Figures  1.4-16  through  1.4-20.  Correlation  of  the 
data  involves  the  adjustment  of  the  anticipated  1C“  (standard 
deviation)  of  1  dB  introduced  by  the  measurement  system.  This 
adjustment  is  effected  in  the  manner  described  by  Equation  1.1- 
Experimental  data  on  selected  targets  and  range  lengths  are  pre¬ 
sented  in  Figures  1.4-19  through  1.4-22.  An  examination  of  these 
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data  indicates  that  no  severe  null  depth  reduction  occurs  at  the 
range  lengths  used.  In  addition,  no  sensible  effect  of  antenna 
relative  to  target  site  is  noted  (refer  to  Figure  1.4-16). 

1.4.3  Equipment  Requirements 

As  presented  in  the  results  of  the  trade-off  study  (refer 
to  Section  2),  the  optimum  region  for  the  use  of  this  technique 
is  in  Band  6,  40-  to  60- foot  target  lengths,  and  Band  7,  30- 
to  60- foot  target  lengths.  The  sensitivity  requirement  is 
reduced  by  a  factor  of  12  dB  in  the  case  of  operation  at  a  range 
length  of  D^/^.  Thus  the  basic  equipments  are  the  same  as  those 
specified  in  paragraph  1.2.6  except  for  the  reduced  sensitivity. 
A  tabulation  of  the  components  required  to  provide  adequate 
sensitivity  are  presented  in  Table  1.4-2. 


Table  1.4-2  EQUIPMENT  REQUIREMENTS 


Equipment 

Area 

Cost 

(1000  Dollars) 

1  MHz  Bandwidth  IF 

2,5 

Band  6,  7  -  Phase  Measurement 

41 

Band  6,  7  -  Coherent  Integration 

6 

Band  7  -  Noise  Subtraction 

15  1 

♦Facility  Equipments  presented  in  Table  1.2-6  are  applicable. 


1.4.4  Conclusions 


The  conclusions  reached  in  this  portion  of  the  investiga¬ 
tion  are  delineated  in  the  following  paragraphs  in  terms  of  the 
factors  c  (1)  adaptability  to  range  operation,  (2)  accuracy, 
and  (3)  cost.  The  trade-off  study  results  indicate  that  this 
method  is  most  applicable  to  the  approximate  region  of  Band  6  (40- 
to  60- foot  targets)  and  (30-  to  60- foot  targets)  Band  7.  In 
these  regions,  the  range  length  criterion  is  R  where 

This  method  was  found  to  be  less  cost  effective  than  others  under 
consideration. 
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1.4.4. 1  Adaptability  to  Field  Operation.  Inasmuch  as  this 
measurement  exactly  duplicates  the  present  RAT  SCAT  operation, 
except  for  a  direction  extension  of  the  range  length  and  sensi¬ 
tivity  requirements,  no  problem  exists  in  terms  of  its  appli¬ 
cation  at  RAT  SCAT. 

1.4.4. 2  Accuracy.  Study  results  indicates  that  analytical 
correction  of  near- field  errors  is  not  feasible  because  of  the 
random  nature  of  the  errors  introduced.  The  error  levels  are 
excessive  at  range  lengths  much  less  than  2D^/>  which  are  required 
in  order  to  be  competitive  on  a  cost-effective  basis  with  other 
combinations  of  methods.  Under  these  conditions,  the  error  levels 
introduced  are  excessive.  The  average  1  c r  (standard  deviation) 

of  the  error  in  the  region  of  interest  is  1.3  dB,  and  under  the 
worst-case  condition,  R  •  D^/X,  the  1  error  introduced  is  on 
the  order  of  2  dB. 

1.4.4. 3  Cost.  The  primary  costs  associated  with  imple¬ 
mentation  of  this  method  are  those  associated  with  providing  the 
required  measurement  equipment  sensitivity  and  other  range- 
length-associated  costs.  The  equipment  sensitivity  costs  are 
illustrated  in  Table  1.4-2.  The  other  significant  costs  include 
roadway  and  signal  and  control  cable  costs  which  total  $2.5  per 
foot  and  are  applicable  over  a  range  length  of  43,200  feet. 

1.4. 4. 4  Other  Considerations.  Other  considerations 
associated  with  the  use  of  this  approach  in  the  large 
region  of  interest  include  (1)  the  accessibility  to  adequate 
space  at  the  White  Sands  Missile  Range  and  (2.)  the  potentially 
severe  operational  problem  associated  with  the  setting  up  measure¬ 
ment  equipments  at  ranges  in  excess  of  8  miles. 


Input  Parameters 
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Target  Size  and  Aspect 
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Fig.  1.4-1  NEAR- FIELD  ERROR  COMPUTER  PROGRAM 
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Fig.  1.4-2  NORMALIZED  SIZE  VS.  FREQUENCY  AND 
TARGET  LENGTH 
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Fig.  1.4-3  CROSS  SECTION  AT  SELECTED  RANGES 
(100  X  CYLINDER  NEAR  0  DEGREES) 
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Fig.  1.4-4  CROSS  SECTION  AT  SELECTED  RANGE 
(100  A  CYLINDER  NEAR  7  DEGREES) 
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CROSS  SECTION  AT  SELECTED  RANGES 
(100  A  CYLINDER  NEAR  20  DEGREES) 


CROSS  SECTION  AT  SELECTED  RANGES 
(100  A  CYLINDER  NEAT  30  DEGREES) 


1.4-7  CROSS  SECTION  AT  SELECTED  RANGES 
(500  >  CYLINDER  NEAR  0  DEGREES) 
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1.4-9  OIOSS  SECTION  AT  SELECTED 
(300  A  CYLINDER  NEAR  20  D1 


SCTION  FOR  SELECTED  ANTiaJNA 
100  A  CYLINDER  NEAR  30  DEGREES) 


Fig.  1.4-12  CROSS  SECTION  AT  SELECTED  ANTENNA 

SIZES  (500 *  CYLINDER  NEAR  30  DEGREES) 
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CUMULATIVE  ERROR  DENSITY  ON  60-INCH  CY LINER 
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60-INCH  CYLINDER,  RANGE  POSITION  0 
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SECTION  2 


TRADE-OFF  STUDY 


2.1  General 

The  trade-off  study  was  conducted  on  the  basis  of  the  require¬ 
ment  for  evaluation  of  the  following  features  of  the  techniques  used: 

1.  Accuracy 

2.  Cost 

3.  Adaptability  to  field  operations. 

For  the  purpose  of  accomplishing  the  trade-off,  results  of  an 
examination  of  these  features  in  terms  of  the  requirements  of  the 
individual  techniques  suggest  further  breakdown  of  accuracy  and 
cost.  In  general,  cost  includes  both  initial  and  recurring  costs, 
and  recurring  costs  include  that  associated  with  features  such  as 
target  construction,  data  acquisition  time,  range  operating  time, 
and  the  ratio  of  engineers  to  technicians  required  to  obtain  high- 
quality  data. 

The  following  trade-off  discussion  is  oriented  toward  a  final 
solution  based  a  the  use  of  the  long-range  and  high-power  technique 
over  a  significant  portion  of  the  region  of  interest.  The 

use  of  this  approach  involves  the  provision  of  at  least  one  long 
fixed-range  length,  a  high-capacity  rotator,  100-foot  antenna  towers, 
and  a  mobile  operation  capability.  Consequently,  in  order  to  accent¬ 
uate  the  actual  cost  differential,  the  cost  of  these  items  is  not 
included  In  the  trade-off  study.  The  validity  of  this  approach  is 
based  on  the  discussion  presented  in  subsection  1.2  and  the  operational 
models  discussed  in  this  section.  In  addition,  the  cost  of  a  phase 
measurement  capability  is  not  included  since  the  final  recommendations 
include  provision  of  this  capability  for  use  in  the  general  problem 
of  reducing  the  target  support  cross  section. 

The  procedure  used  in  the  trade-off  analysis  is  shown  in  Figure 
2,1-1,  along  with  the  primary  features  which  have  been  evaluated  and 
the  evaluation  process  used  in  selecting  candidate  techniques  or 
combinations.  The  primary  input  parameters  are  frequency,  target 


length,  and  target  radar  cross  section.  Associated  with  each 
technique  Is  one  or  more  sets  of  equipment  requirements  and  an 
operational  procedure  requirement;  satisfaction  of  these  requirements 
vilJ  largely  determine  the  initial  cost  and  recurring  cost.  Recur¬ 
ring  costs  in  this  evaluation  are  limited  to  range  hours  required 
for  measurement  and  special  processing,  such  as  target  fabrication 
in  the  case  of  the  scaling  technique.  The  recurring  costs  are 
estimated  for  a  five-year  period  in  order  to  provide  a  reasonable 
basis  for  showing  the  relative  significance  of  initial  and  recurring 
costs. 

Accuracy  is  based  on  the  appropriate  combination  of  effective 
S/N,  technique  anomalies,  and/or  effective  range  length.  The 
accuracy  specification  to  be  used  in  the  evaluation  matrixes  (Tables 
2.4-1  through  2.4-4)  will  be  representative  of  the  standard 
deviation  (TT)  of  the  error  introduced  by  utilization  of  a  tech¬ 
nique. 

In  general,  the  accuracy  obtained  in  the  use  of  a  technique 
will  be  the  1-dB  level  specified  in  the  RFP  as  the  present  RAT 
SCAT  capability.  This  value  is  interpreted  as  the  standard 
deviation  of  a  normal  density  distribution  (i.e.,  the  error  is 
less  than  1  dB  70  percent  of  the  time).  Thus  the  attainment  of 
the  RAT  SCAT  capability  is  based  on  the  ability  to  reduce  errors 
introduced  by  a  particular  technique  to  a  negligible  value.  It 
is  anticipated  that  the  error  sources  (of  the  new  technique)  can 
be  approximated  by  a  normal  distribution;  and  statistical  inde¬ 
pendence  of  the  processes  can  be  assumed,  Theu  the  resultant  error 
standard  deviation,  *R,  is  given  by 

Sr  -  [l  +  ^l]  %  (2-!> 

where  (T  is  the  standard  deviation  and  the  R  and  T  subscripts  re¬ 
fer  to  the  resultant  error  and  the  error  introduced  by  the  tech¬ 
nique,  respectively.  On  the  basis  that  the  density  is  described 
in  logarithmic  space,  (pR  will  be  only  1.1  dB  when  (7t  “  0*5  dB. 

This  value  has  been  selected  as  the  maximum  acceptable  error  for 
routine  evaluation.  Special  cases,  wherein  a  large  increase  in 
effectiveness  or  reduction  in  cost  can  be  achieved  if  a  larger 
error  is  allowed,  are  indicated  and  discussed. 
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2.2 


Operational  Models 


In  order  to  minimize  the  subjective  evaluation  of  the  tech¬ 
niques  of  interest,  a  number  of  operational  or  statistical  models 
have  been  defined  for  use  in  the  trade-off  analysis.  These  models 
are  based  in  general  on  RAT  SCAT  operational  data  and  in  particular 
on  present  and  past  programs  for  measuring  large  objects  (greater 
than  10  feet  in  length).  Of  specific  interest  are  the  probability 
of  occurrence  of  a  requirement  for  a  measurement  within  a  given 
frequency  range,  and  target  length  and  the  time  required  for  con¬ 
ducting  a  typical  program. 

Shown  in  Figure  2.2-1  is  the  cumulative  density  distribution 
of  measurement  frequency  derived  from  previous  RAT  SCAT  measurement 
programs.  Although  there  is  a  concentration  of  measurement  programs 
at  the  most  common  threat  frequencies,  data  requests  commonly  include 
those  for  a  wide  range  of  frequency  down  to  about  100  megahertz.  The 
curve  shown  in  this  figure  has  been  extended  down  to  30  megahertz  in 
order  to  encompass  the  frequency  range  required  in  this  study. 

The  cumulative  probability  of  occurence  of  a  given  target  length 
is  shown  in  Figure  2.2-2.  However,  it  is  fuither  assumed  that  the 
size  of  the  targets  at  RAT  SCAT  would  increase  if  sufficient  measure¬ 
ment  capability  were  available.  On  this  basis,  the  slope  of  the  curve 
describing  present  RAT  SCAT  target  length  was  decreased  to  place  more 
emphasis  on  the  larger  target  lengths.  As  shown  in  the  figure,  the 
target  length  density  is  assumed  to  be  uniform  between  10  and  60 
feet.  These  data  are  interpreted  in  terms  of  the  square  of  the  target 
length  in  Figure  2.2-3.  This  parameter  is  of  interest  in  defining 
the  probability  of  occurrence  of  a  given  value.  The  cumulative 

density  of  can  be  readily  determined  by  using  an  analytical 

approximation  for  the  density  of  and  F  and  a  process  involving  a 
change  of  variables.  The  results  obtained  by  use  of  this  process 
are  shown  in  Figure  2,2-4.  It  is  evident  from  an  examinatio  of 
these  data  that  the  capability  of  a  maximum  range  length  much  less 
than  the  2^/7)  for  the  measurement  of  a  60- foot  target  at  X-Band 
will  suffice  for  a  very  large  percentage  of  the  D ^ l7\  values  expected. 

Another  significant  operational  feature  is  that  of  the  time 
element  involved  in  a  measurement  program.  The  results  of  an 
analysis  of  this  feature,  based  on  an  extension  of  the  present  RAT 
SCAT  capability,  is  shown  in  Figure  2.2-5  for  the  cases  of  both 
fixed  and  mobile  operation  by  use  of  the  long-range  and  high-power 
technique  and  for  the  case  of  mobile  operation  by  use  of  the  scaling 
technique.  The  basis  of  these  data  is  the  time  required  for  t:he 
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present  RAT  SCAT  measurement  of  10-foot  to  30-foot  targets  b / 
use  of  an  average  number  of  frequencies  and  an  average  number 
of  target  orientations.  Under  these  conditions,  a  large  per¬ 
centage  of  the  total  measurement  time  is  required  for  equipment 
setup;  this  fact  tends  to  mask  the  effect  of  the  increased  target 
handling  time  required  for  the  larger  targets.  In  addition,  the 
handling  time  required  apparently  does  not  increase  in  direct 
proportion  to  target  size  (length)  in  the  case  of  the  larger 
targets.  It  is  assumed  that  provision  of  a  large-object  measure¬ 
ment  capability  will  increase  the  number  of  measurement  programs 
by  a  factor  of  1/2  and  consequently  increase  the  efficiency  in 
using  a  measurement  setup  in  more  programs  than  at  present.  On 
this  basis,  a  decrease  in  equipment  setup  time  of  15  percent  was 
imposed  to  obtain  the  long-range  and  high-power  technique  curves 
shown  in  Figure  2.2-5.  This  factor  was  not  applied  to  the  time 
required  for  use  of  the  scaling  technique  since  a  relatively  low 
rate  of  utilization  is  anticipated.  The  mobile  operation  curves 
are  based  on  the  time  required  for  fixed  range  operation,  plus  a 
10-percent  increase  in  equipment  setup  time.  The  significant 
change  in  the  time  relative  to  the  scaling  and  the  long-range 
and  high-power  technique  is  the  feature  of  target  handling  when 
a  scaled  target  is  used. 

Another  model  used  in  the  trade-off  study  was  that  of  the 
number  of  targets  to  be  handled  and  the  associated  time  required. 

As  previously  indicated,  the’  additional  capability  to  be  afforded 
by  the  implementation  of  thef  large-object  program  is  expected  to 
increase  the  number  of  programs  at  RAT  SCAT.  For  the  purpose  of 
making  this  study,  an  increase  of  1/2  has  been  used;  this  increase 
would  involve  a  3-pit  and  2-shift  or  2-pit  and  3-shift  operation, 
whereas  present  RAT  SCAT  operations  are  oriented  toward  2 -pit  and 
2-shift  operation.  This  increase  will  allow  use  of  a  total  number 
of  8780  range  hours.  This  figure  is  based  on  previous  RAT  SCAT 
experience  and  includes  time  lost  as  a  result  of  bad  weather.  The 
data  shown  in  Figure  2.2-6  is  the  expected  time  required  for  the 
measurement  of  targets  within  10-foot  length  intervals,  and  these 
data  are  based  on  an  assumption  of  operation  under  the  various 
conditions  shown  in  Figure  2.2-5  and  the  imposition  of  the  target 
length  density  shown  in  Figure  2.2-2.  In  each  case,  the  total 
number  of  range  hours  is  8780.  However,  in  order  to  obtain  a 
measure  of  the  impact  of  the  measurement  time  required  for  use 
of  the  various  methods,  the  total  number  of  targets  handled  will 
be  based  on  the  time  required  in  the  long-range,  high-power  approach. 
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In  order  to  provide  a  means  of  technique  analysis  on  the 
basis  of  frequency  band,  it  is  necessary  to  establish  the  number 
and  length  of  targets  expected  in  each  frequency  band.  The 
results  of  this  process,  based  on  an  average  of  5  measurement 
frequencies,  are  shown  in  Table  2.2-1  for  a  one-year  period.  The 
data  in  this  table  for  target  lengths  from  30  to  60  feet  and  that 
in  Figure  2.2-6  have  been  used  in  the  trade-off  study  to  assign 
a  total  measurement  time  in  each  band  in  terms  of  the  applicability 
of  each  technique  to  a  given  target  length. 


2.3  General  Trade-Off  Parameters 


A  number  of  the  parameters  under  study  are  of  interest  in 
two  or  more  of  the  basic  techniques  of  interest.  The«e  parameters 
are  associated  with  the  dependent  range  geometry  features  of  range 
length  and  antenna  height  and  with  the  ancillary  consideration  of 
the  choice  of  mobile  or  fixed  range  operation.  The  primary  result 
of  an  examination  of  these  features  is  specification  of  equipment 
sensitivity  requirements  under  the  various  circumstances. 

The  rang2  length  and  antenna  height  required  for  the  antenna 
far-field  simulation  and  the  analytical  correction  of  near-field 
data  can  be  considered  independently  in  that  the  required  range 
length  is  dependent  only  on  the  degree  of  correction  available 
and  the  antenna  height  requirement  is,  of  course,  the  same  as  that 
for  the  usual  ground-plane  case.  It  should  be  noted,  however, 
that  the  reduced  range  required  in  these  techniques  results  in  a 
relaxation  of  the  requirements  for  antenna  height  related  to  the 
long-range  and  high-power  method  height  requirements.  The  validity 
of  this  observation  is  limited  if  fixed  range  operation  over  a 
wide  frequency  range  is  attempted. 

The  range  length  requirements  for  the  case  of  the  long-range 
and  high-power  technique  and  the  scaling  techniq  :e  are  shown  in 
Figure  2.3-1.  The  range  reduction  resulting  from  use  of  the 
scaling  method  is  evi  ent.  The  scaled  frequencies  were  selected 
to  be  12  and  35  gigahertz.  The  effects  of  target  lengths  from 
20  to  60  feet  are  illustrated. 

The  relationship  between  the  full-scale  measurement  frequency 
and  the  ideal  antenna  height- target  height  product  is  shown  in 
Figure  2.3-2.  Since  the  antenna  height  required  for  a  iXp-j'K  range 
is  proportional  to  the  square  of  the  scaling  factor,  the  reduction 
in  the  required  antenna  height  is  extreme  in  the  case  of  both  12- 
and  35 -gigahertz  scaling. 

A  significant  feature  needed  in  the  costing  analysis  is  that 
of  the  sensitivity  required  over  the  spectrum  of  target  lengths, 
measurement  frequencies,  and  operational  approaches  and  techniques. 
These  features  are  illustrated  in  Figure  2.3-3  wherein  the  required 
sensitivity  is  defined  in  terms  of  power,  antenna  gain,  noise 
figure,  and  bandwidth  as  a  function  of  full-scale  frequency  for 
the  case  of  mobile  and  fixed  range  operation  and  the  use  of  various 
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techniques.  A  number  of  significant  observations  can  be  made  by 
using  these  data.  As  previously  indicated,  the  primary  sensi¬ 
tivity  problem  is  in  the  high-frequency  region,  and  in  terms  of 
the  sensitivity  required,  mobile  operation  is  a  clear  choice  over 
fixed-range  operation.  Since  the  sensitivity  requirement  does 
not  vary  as  a  function  of  scaling  factor  when  a  range  of  2D 
is  maintained,  the  60-dB-per  decade  mobile  operation  curve  is 
representative  of  the  requirements  for  both  the  scaling  and  the 
long-range  and  high-power  techniques.  It  can  be  seen  that  the 
use  of  full-scale  and  scaled,  fixed-range  operation  involves  an 
additional  12-  and  24-dB  sensitivity  per  octave  of  coverage, 
respectively.  This  fact  clearly  obviates  any  attempt  at  fixed- 
range  operation  by  the  use  of  scaling  because  of  the  limited 
sensitivity  available  at  the  scaling  frequencies.  There  is, 
however,  a  region  where  the  fixed-range  approach  can  be  used 
in  the  full-scale  case  inasmuch  as  the  present  RAT  SCAT  capa¬ 
bility  (and  a  small  improvement)  will  provide  adequate  sensitivity. 
The  influence  of  the  use  of  the  dielectric  lens  or  analytical 
correction,  in  conjunction  with  a  fixed-range  length,  can  be  seen 
as  a  20-dB-per-decade  line;  in  the  specific  example  selected,  the 
fixed  range  length  if  placed  at  2B^/>  in  the  case  of  a  60- foot 
target  at  4  gigahertz  although  the  effect  in  terms  of  the  relative 
sensitivity  requirement  is  independent  of  the  range  selected.  The 
present  RAT  SCAT  capability  is  superimposed  in  terms  of  the 
PG^/(NF)(B)  factor  (refer  to  paragraph  1.2.6). 

The  data  in  Figure  2.3-4  is  included  to  illustrate  the  required 
improvement  in  sensitivity  relative  to  the  present  RAT  SCAT  capa¬ 
bility.  The  data  Is  presented  as  a  function  of  full-^cale  frequency 
and  target  lengths  from  30  to  60  feet.  These  data  illustrate  that 
the  present  RAT  SCAT  sensitivity  is  adquate  for  60- foot  targets 
up  to  a  frequency  of  2.6  gigahertz  and  for  30- foot  targets  up  to 
5.9  gigahertz,  except  in  small,  isolated  regions. 


2.4  Trade  Off  Evaluation  Matrices 


The  results  of  the  technical  developments  and  cost  survey 
presented  in  this  report  and  are  subsequently  displayed  in  Tables 
2.4-1  and  2.4-2  in  the  form  of  trade-off  evaluation  matrices. 

As  previously  indicated,  the  purpose  of  the  trade-off  is  that 
of  demonstrating  the  relative  cost-effectiveness  of  the  various 
basic  techniques  and  combinations  thereof.  The  evaluation  dis¬ 
plays  are  based  on  the  selection  of  optimum  approaches  to  imple¬ 
mentation  of  techniques  or  combinations  of  techniques.  The 
application  of  a  particular  method  is  based  on  selected  frequency 
bands  and  target  lengths  in  10- foot  intervals  within  the  frequency 
band. 


The  accuracy  data  displayed  in  these  tables  is  based  on  the 
error  analysis  of  the  various  methods.  These  data  represent  the 
standard  deviation  of  the  error  in  excess  of  the  present  RAT  SCAT 
capabilities.  Road  construction  and  control  cable  costs  are 
significant  cost  items  in  the  matrices  which  vary  in  magnitude 
as  a  function  of  the  several  measurement  methods.  These  costs 
have  been  established  at  0.5  dollar  per  foot  for  a  road  similar 
for  mobile  van  transportation,  and  2  dollars  per  foot  for  rotator 
control  and  signal  cable. 

Consideration  of  the  following  evaluation  matrices  and  the 
related  discussion  will  reveal  that  each  candidate  technique 
option  exhibits  a  degree  of  cost-effectiveness  although  the  final 
selection  is  a  clear  choice.  Method  evaluation  is  limited  herein 
to  application  of  the  various  methods  in  Bands  6  and  7.  Adequate 
sensitivity  and  range  lengths  are  readily  available  for  long  range 
and  high  power  measurements  through  Band  5. 

2.4.1  Technique-Option  I 

The  data  presented  in  Table  2.4-1  illustrate  the  basic 
differential  cost  and  accuracy  information  related  to  the  long- 
range  and  high-power  measurement  approach  which  has  been  selected 
as  Option  I  for  evaluation  purposes.  These  data  are  based  on  the 
lowest  cost  approach  to  implementing  “his  measurement  technique. 

As  previously  indicated,  the  costs  of  such  items  as  a  high-capacity 
rotator,  mobile  van,  and  fixed  antenna  tower  have  been  omitted 
since  provision  of  this  capability  is  necessary  in  any  practical 
combination  of  techniques  which  may  be  selected.  The  accuracy 


Table  2.4-1  TECHNIQUE  -  OPTION  I 


Major  Solution:  Long  Range  and  High  Power  Method 

Minor  Solution:  None 

Standard 

Evaluation 

Criteria 

Frequency  Bands  (gigahertz) 

Average 

or 

Total 

6 

(4  -  8) 

7 

(8  -  12) 

Relative  Accuracy,  dB(l(T) 

0 

0 

0 

Initial  Cost  of  Implement¬ 
ing  Technique, 1000  Dollars 

111.5 

72 

183.5 

Average  Data  Acquisition 
Range  Hours  (5-year  basis) 
1000  Dollars 

1369 

1018 

2387 

Other  Recurring  Costs  (5- 
year  basis)  1000  Dollars 

- 

- 

Matrix  Qualifications 

2D2/A  mobile  range  length 

Cost  2570.5 

Extension  of  Present  RAT  SCAT  Capability 


1. 

All  Bands: 

1  MHz  Bandwidth  IF 

2. 

Band  6 ,  7 : 

Phase  measurement,  coherent  integration,  low 
noise  preamp,  noise  subtraction 

3. 

Band  7 : 

High  gain  antennas 

4. 

Roads,  signal  cable 

Other  Considerations 


1.  Operational  Problems  at  long  ranges  (  16  miles) 

2.  Equipment  maintenance  costs 
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data  are  based  on  the  present  RAT  SCAT  accuracy  since  the  method 
is  identical  to  the  RAT  SCAT  method. 

The  cost  data  are  based  on  provision  of  the  items  tabulated 
and  the  data  in  Table  1.2-3  and  1.2-5.  The  cost  data  shown 
exclude  all  fixed  costs  applicable  and  common  to  the  bands  of 
interest.  The  cost  data  are  also  presented  in  a  noncumulative 
manner  so  that  omission  of  this  method  at  the  highest  frequency 
band  will  not  influence  any  cost  associated  with  lower  bands.  The 
signal  and  control  cable  costs  are  based  on  the  maximum  TCr l"h 
range  associated  with  a  frequency  band.  The  road  costs  are  based 
on  the  provision  of  a  lower  quality  road  of  the  appropriate  length 
for  the  purpose  of  mobile  van  transportation. 

2.4.2  Technique-Option  II 

The  use  of  the  long-range  and  high-power  method  and  the 
scaling  method  has  been  selected  as  measurement  Technique-Option 
II  as  shown  in  Table  2.4-2.  In  this  approach,  the  long-range  and 
high-power  technique  is  used  for  the  measurement  of  all  targets 
through  Band  5  where  sufficient  equipment  sensitivity  is  readily 
available,  the  range  length  required  at  2D^A^  is  practical,  and 
no  additional  error  is  introduced.  In  Bands  6  and  7,  the  scaling 
technique  is  used  in  the  measurement  of  targets  whose  lengths  are 
in  excess  of  40  and  30  feet,  respectively.  Adequate  sensitivity 
is  available  in  the  case  of  other  target  lengths  in  these  bands, 
and  measurements  can  be  readily  made  by  using  the  long-range  and 
high-power  method. 

The  accuracy  data  is  based  on  the  discussion  presented  in 
paragraph  1.1.4  for  the  cases  where  scaling  is  used.  The  values 
shown  are  based  on  the  average  of  the  errors  introduced  by 
perturbation  level  1,  averaged  over  the  appropriate  ka  range  in 
each  frequency  band.  In  cases  where  the  long-range  and  high- 
power  technique  is  used,  it  is  assumed  that  no  additional  error 
is  introduced  since  the  measurement  procedure  is  identical  to 
that  presently  in  use  at  RAT  SCAT. 

The  equipment  and  target  fabrication  cost  data  is  based  on 
that  described  in  paragraph  1.2.6  for  the  case  of  the  long-range 
and  high-power  measurements  and  that  in  paragraphs  1.1.2 
and  1.1.4  for  the  case  of  the  scaling  measurements.  Target 


Table  2.4-2  TECHNIQUE  -  OPTION  II 


Major  Solution:  Long  Range  and  High  Power  Method 

Minor  Solution:  Scaling  Method 

Standard 

Evaluation 

Criteria 

Frequency  Bands  (gigahertz) 

Average 

or 

Total 

6 

(A  -  8) 

7 

(8  -  12) 

Relative  Accuracy,  dB(l(T) 

<1.1 

<1.5 

Initial  Cost  of  Implement¬ 
ing  Technique , 1000  Dollars 

200 

0 

200 

Average  Data  Acquisition 
Range  Hours  (5-year  basis) 
1000  Dollars 

1035 

661 

1696 

Other  Recurring  Costs  (5- 
year  basis)  1000  Dollars 

176 

609 

785 

Matrix  Qualifications 

1.  2D2/'21  range  length  through  Band  5,  Band  6 

2.  Scaling  2D2/-3  in  Band  6  (40*  S  Ds60‘),B 

3.  Accuracy  Averaged  over  ka  range  in  each  ban 

Cost  2681 

(30*  $DS  40') 
and  7 
d 

Extension  of  Present  RAT  SCAT  Capability 

1.  Scaling  measurement  radar  system 

2.  All  Bands:  1  MHz  Bandwidth  IF 

3.  Band  6,  7:  Phase  measurement,  coherent  integration 

4.  Signal  cable  and  roads 

Other  Considerations 


j 1.  Excessive  target  support  cross  section  levels 
[  2.  35  GHz  measurement  in  stability 
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measurement  time  costs  are  based  on  the  data  shown  in  Figure 
2. 2. *5  find  Table  2.2-1  on  the  basis  of  the  discussion  in  Sub¬ 
section  2.2  ,  an  average  of  1  model  was  selected  fcr  each  two 
targets  measured  in  Bands  6  and  7.  The  items  discussed  in 
paragraph  2.4  have  been  omitted  since  these  items  are  common 
to  the  various  combinations. 

The  data  indicates  that  an  insignificant  cost  different? "1 
but  an  excessive  measurement  error  level  relative  to  that 
obtained  using  Option  I. 

2.4.3  Technique-Option  III 

Table  2.4-3  contains  the  basic  cost  and  accuracy  data  for 
the  Option  III  approach  to  large-object  measurement.  In  this 
approach,  the  major  solution  is  the  long-range  and  high-power 
method,  and  the  minor  solution  involves  the  use  of  a  lens  for 
the  purpose  of  providing  a  reduced  range  length.  The  normal  RAT 
SCAT  operation  method  is  employed  through  Band  5  since  adequate 
power  can  easily  be  made  available  in  this  region.  In  Band  6 
the  dielectric  lens  is  used  for  target  lengths  above  40  feet 
since  sensitivity  is  adequate  in  this  band  for  use  of  the  long- 
range  and  high-power  technique  in  the  case  of  smaller  targets 
by  using  a  iVr !?\  range  length  (Figure  2.3-4).  The  measurements 
in  Bands  6  and  7  are  based  on  using  the  lens  for  the  40-  to  60- 
and  30-  to  60-foot  target  lengths,  respectively.  The  accuracy 
data  are  based  on  the  discussion  presented  in  paragraph 
it  is  assumed  that  the  lens  design  will  be  such  that  it  will 
introduce  a  1-sigma  error  of  less  than  0.5  dB. 

The  cost  data  are  based  on  items  listed  in  Table  2.4-4  and 
the  frequency  band-target  length  allocation  discussed  previously. 
The  primary  cost  features  involved  in  utilization  of  the  lens  are 
the  initial  cost  and  the  recurring  cost  (lens  placement  and 
orientation)  established  as  equivalent  to  the  range  time  cost 
of  placement  of  a  60-foot  target.  The  items  common  to  the 
various  combinations  have  been  omitted. 

2.4.4  Technique-Option  IV 

The  ciata  shown  in  Table  2.4-4  illustrate  the  basic  cost  and 
accuracy  data  for  the  Option  IV  approach  to  large-object  measure¬ 
ment.  In  this  approach,  the  long-range  and  high-power  technique 
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Table  2.4-3  TECHNIQUE  -  OPTION  III 


Major  Solution:  Long  Range  and  High  Power  Method 


Minor  Solution:  Antenna  Far  Field  Simulation 


Standard 


Evaluation 


Criteria 


Relative  Accuracy,  dB  (1(7" 


Initial  Cost  of  Implement¬ 
ing  Technique, 1000  Dollars 


Average  Data  Acquisition 
Range  Hours  (5-year  basis) 
1000  Dollars 


Other  Recurring  Costs  (5- 
year  basis)  1000  Dollars 


Frequency  Bands  (gigahertz)  Averag 
___  :  :  -  or 

(4  -  8)  (8  -  12)  Total 


1369 


1018 


2387 


Cost 


2473.5 


Matrix  Qualifications  l - 

1.  2D2/7\  range  length  through  Band  5, Band  6  (30' S  D  i  40') 

2.  21,000  foot  maximum  range  in  Band  6  (40'^  D  '5  60'),  Band  7 


Extension  of  Present  RAT  SCAT  Capability: 

1.  Dielectric  Lens  and  Shelter 

2.  All  Bands:  1  MHz  Bandwidth  IF 

3.  Band  6,  7:  Phase  measurement,  coherent  integration 

4.  Band  7:  Low  noise  preamp 

5.  Signal  Cable  and  roads 


Other  Considerations: 


Weather  Limitations 


Table  2.4-4  TECHNIQUE  -  OFTION  IV 


Major  Solution:  Long  Range  and  High  Power  Method 

Minor  Solution:  Analytical  Correction  of  Near  Field  Data 

Standard 

Evaluation 

Frequency  Bands (gigahertz) 

Average 

or 

Total 

6 

(4  -  8) 

7 

(8  -  12) 

Criteria 

Relative  Accuracy,  dB(lG") 

<  .6 

<  .8 

<  .7 

Initial  Cost  of  Implement¬ 
ing  Technique , 1000  Dollars 

87 

72 

159 

Average  Data  Acquisition 
Range  Hours  (5-year  basis) 
1000  Dollars 

1369 

1018 

2387 

Other  Recurring  Costs  (5- 
year  basis)  1000  Dollars 

- 

«• 

- 

Matrix  Qualifications 

1.  2D 2/>  range  length  through  Band  5,  E 

2.  <  2D^/A  range  in  Band  6  (40*  ^  D  ^  6C 

Cost  2546 

Jand  6  (30'  s  D  S  60') 

1 ) ,  Band  7 

Extension  of  Present  RAT  SCAT  Capability 

1.  All  Bands:  1  MHz  Bandwidth  IF 

2.  Bands  6,7:  Phase  measurement,  coherent  integration 

3.  Band  7:  Noise  subtraction 

4.  Roads,  signal  cable 

Other  Considerations: 

Operational  problems  at  long  ranges  (  8  miles) 
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is  used  in  conjunction  with  a  2DZ/'7|  range  length  through 
Band  5  since  adequate  power  is  available  in  this  region.  In 
Bands  6  and  7,  the  method  of  analytical  correction  of 

near-field  data  is  employed  in  conjunction  with  a  maximum  range 
of  Dz/fl  in  order  to  reduce  cost  through  a  reduction  of  sensi¬ 
tivity  requirements  and  other  costs  associated  with  range  length. 
The  cost  items  described  in  paragraph  2.4  have  been  omitted  from 
this  matrix  since  these  items  are  common  to  the  various  combi¬ 
nations  . 


The  accuracy  data  are  based  on  the  discussion  in  Subsection 
1.4.  Through  Band  5  and  for  target  lengths  from  30-  to  40-feet 
in  Band  6,  no  additional  error  is  introduced  because  the  measure¬ 
ment  technique  is  identical  to  that  presently  used  at  the  RAT 
SCAT  Site.  It  is  assumed  that  the  primary  concern  is  obtaining 
data  on  the  peak  envelope  and  lobe  structure  of  the  target 
scattering  pattern;  in  this  case,  errors  in  the  vicinity  of 
the  pattern  singularities  (nulls)  are  not  of  interest. 


The  cost  data  are  based  on  the  items  listed  in  Table  1.4-2 
and  the  range  lengths  specified.  It  will  be  noted  that,  relative 
to  other  options,  a  substantial  reduction  in  cost  will  result 
from  use  of  the  measurement  approach  described  although  the  error 
levels  are  significantly  higher. 
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2.5  Conclusions 


On  the  basis  of  the  data  previously  presented  in  the 
trade-off  matrices,  the  most  cost-effective  approach  to  the 
measurement  of  large-object  radar  cross  section  is  a  combina¬ 
tion  of  the  long-range  and  high-power  method  and  the  antennas 
far- field  simulation  method.  The  long-range  and  high-power 
method  involves  the  use  of  an  approach  which  is  a  duplicate  of 
the  present  operational  procedures  used  at  the  RAT  SCAT  site. 

The  antenna  far-field  simulation  method  involves  the  use  of  a 
dielectric  lens  in  the  vicinity  of  the  target.  The  primary 
disadvantage  in  the  recommended  approach  is  the  operational 
problem  associated  with  the  lens  setup  time.  However,  the 
cost  reduction  in  terms  of  costs  associated  with  range  length 
and  the  small  error  level  anticipated  offset  this  potential 
disadvantage. 

All  methods  considered  exhibit  a  degree  of  cost  effectiveness 
which  may  warrant  consideration  in  other  more  specialized  applica¬ 
tions.  The  complete  coverage  of  the  target  length  -  frequency 
spectrum  of'lnterest  by  using  the  long-range  and  high-power  method 
imposes  potentially  severe  operational  problems  in  that  a  maximum 
range  length  of  16  miles  is  required  and  the  cost  to  achieve  the 
required  sensitivity  is  excessive.  A  significant  reduction  in 
range  length  and  target  handling  cost  can  be  realized  by  the  use 
of  the  scaling  method,  but  these  advantages  are  effectively  off¬ 
set  by  the  high  initial  cost  of  a  high-frequency  (35  gigahertz) 
measurement  system  and  the  high  cos':  of  suitable  accurate  scale 
models  of  the  full-scale  targets.  Only  a  small  reduction  in 
costs  associated  with  range  length  can  be  realized  by  employing 
a  range  length  criterion  of  less  than  2D^/7v  ,  and  the  errors 
introduced  by  the  resulting  phase  curvature  of  the  illuminating 
field  partially  nullify  the  cost  advantages. 
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Fig.  2.2-6  TOTAL  nANGE  HOURS  AS  A  FUNCTION  OF 
TARGET  LENGTH 
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SECTION  3 


RECOMMENDATIONS 
3.1  General 


This  section  contains  a  description  of  the  equipment  and 
operating  procedures  recommended  for  providing  an  optimum  means 
of  large-object  measurement.  Specific  recommendations  are  made 
for  all  the  necessary  new  equipments,  modification  of  existing 
RAT  SCAT  equipments,  and  interface  connections,  as  appropriate. 
The  description  of  recommended  equipments  which  are  germane  to 
the  selection  of  the  basic  methods  includes  a  breakdown  of  major 
components  to  be  used  by  manufacturer  name  and  part  number  and 
block  diagram  drawings  of  the  functional  concept  of  the  equip¬ 
ments. 


3.2  Measurement  Subsystem 


The  necessary  additions  to  the  present  RAT  SCAT  equipments 
and  the  basic  interface  connections  are  presented  in  Figure  3.2-1 
in  conjunction  with  the  present  RAT  SCAT  equipments.  As  indi¬ 
cated  in  previous  subsections,  the  1-megahertz  bandwidth  IF 
amplifier  (applicable  to  all  frequency  bands),  the  Band-7,  low- 
noise  preamplifier,  and  the  coherent  integration  capabilities 
in  Bands  6  and  7  are  required  in  order  to  achieve  the  necessary 
equipment  sensitivity.  The  basic  phase  measurement  capability 
in  Bands  6  and  7  is  required  to  utilize  the  coherent  integration 
subsystem.  The  purpose  and  area  cost  of  these  items  are  pre¬ 
sented  in  Table  3.2-1.  The  only  other  component  required  on 
the  basis  of  the  basic  measurement  method  selection  is  the 
dielectric  lens.  References  to  selected  equipments  and  components 
are  presented  in  Table  3.2-2. 

Required  facility  improvements  include  the  appropriate 
antenna  tower,  a  mounting  pad  for  the  dielectric  lens,  a  large 
target  rotator,  the  rotator  signal  and  control  cables  required 
for  use  in  mobile  van  operation  and  a  lens  shelter  significant 
features  of  these  components  and  facilities  are  discussed  in  the 
following  paragraphs. 


Table  3.2-1  LARGE  OBJECT  IMPLEMENTATION  DESIGN  SUMMARY 


t - 

COST 

EQUIPMENT 

ITEM 

PURPOSE 

(1000 

Dollars) 

RF  preamplifier 

Increase  sensitivity 

s 

Sensitivity 

1  MHz  IF  amplifier 

Increase  sensitivity 

2.5 

Impact 

Phase  measurement 

Coherent  integration  & 

Items 

capability 

background  reduction* 

75 

Coherent  integra- 

Increased  sensitivity 

8.5 

tion 

Lens 

Reduce  range  length 

30 

Range 

Mobile  towers 

Optimize  sensitivity 

60 

Impact 

Mobile  equipment 

Optimize  sensitivity 

6 

Items 

van 

Rotator  &  azimuth 

Provide  range  length, 

encoder 

weight  capability, 
azimuth  speed,  and 
resolution 

310 

Generator 

Rotator  power  and 

control  signals 

77.6 

Roadway 

Provide  access  to 

' 

Lens  shelter 

rotator 

Protect  dielectric 

14.4 

lens 

10  - 

Gantry 

Provide  target 

handling  capability 

50 

Budgetary 

Cost 

— 

647 . 5 

i 

*Bands  3,  4,  5,  6,  7 


250 


3.2.1  Phase  Measurement 


The  basic  block  diagram  of  the  phase  measurement  subsystem 
is  presented  in  Figure  3.2-2.  Hie  basic  system  tie-in  is  also 
shown.  Basic  components  required  in  this  subsystem  are  shown 
in  Table  3.2-2.  Hie  synthesizer  is  the  stable  signal  source 
required  in  phase  measurements.  The  synchronizers  are  commercial 
units  modified  with  a  varicap  unit  to  pull  the  crystal  oscillator, 
thereby  providing  a  frequency  modulation  input.  The  feedback 
circuit  from  the  transmitter  output  is  included  for  the  puroose 
of  minimizing  the  effects  of  phase  shift  in  the  transmitter 
components.  The  process  illustrated  results  in  providing  a 
coherent  reference  and  local  oscillator  signal  to  the  present 
RAT  SCAT  receiver  and  phase  servo.  Details  of  the  operation 
of  the  present  phase-measurement  subsystems  can  be  found  in 
Reference  14. 

3.2.2  Coherent  Integration 

Hie  basic  block  diagram  of  the  coherent  integration  sub¬ 
system  is  shown  in  Figure  3.2-3;  present  RAT  SCAT  components 
are  cross  hatched.  Basic  system  operation  and  the  required 
tie-in  to  the  phase-measurement  subsystem,  are  also  illustrated 
in  this  figure.  As  seen  in  Figure  3.2-3,  the  majority  of  the 
components  required  are  presently  used  RAT  SCAT  equipments.  Hie 
input  signals  required  are  the  normal  gated  IF  signal  and  the 
target  phase  reference  signal  which  is  obtained  from  the  phase 
sensitive  detector  in  the  phase  servo.  The  coherent  detector 
recommended  is  a  modification  of  the  phase  detector  *n  the  pre¬ 
sent  phase  servo.  The  AGC  circuit  requirements  will  consist 
of  a  modification  to  tie  present  AGC  to  increase  the  dynamic 
range.  By  using  this  approach,  essentially  no  changes  to  the 
sigma  servo  are  required  except  for  optimizing  incoherent  inte¬ 
gration,  and  iiterface  problems  are  therefore  reduced. 

3.2.3  Dielectric  Lens 


The  pre!  minary  specifications  on  the  dielectric  lens 
are  shown  in  Figure  3.2-4.  These  specifications  are  based  on 
the  provision  of  a  poly foam  material  with  a  dielectric  constant 
of  1.05,  The  basic  configuration  is  formed  from  a  polyurethane 
foam;  a  fiberglass  supporting  ring  (I  beam  or  box)  is  incorpor¬ 
ated  to  provide  structural  rigidity  and  a  means  of  attaching  guy 
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lines.  A  1/64- inch- thick  mylar  sheet  or  similar  material  is 
used  to  provide  a  degree  of  protection  for  the  foam  surface 
from  sand  and  rain  effects.  The  equation  of  the  recommended 
lens  surface  is  shown  in  the  figure. 

3.2.4  Antenna  Towers 


Antenna  towers  for  use  in  mobile  operation  are  recommended 
on  the  basis  of  the  requirement  for  mobile  operation.  The 
basic  tower  preliminary  requirements  include 

1.  Utilization  of  the  present  RAT  SCAT  antennas 

2.  A  maximum  antenna  height  of  150  feet 

3.  A  capability  t(  withstand  a  50  knot  wind  with  28  foot 
antennas  etupiactd. 

4.  Thsj  incorporation  of  a  servo  to  orient  the  antenna 
dishes  over  a  +10-degree  angular  region  in  the 
principal  planes. 

The  requirement  for  the  mobile  antenna  includes  provisions  of 
a  telescoping  configuration.  Although  additional  flexibility 
is  provided  by  the  availability  of  150  foot  fixed  antennas, 
the  optimum  capability  afforded  by  the  use  of  mobile  antennas 
suggests  eliminating  the  additional  cost  of  fixed  towers. 


3.3  Measurement  Procedures 


If  the  proposed  measurement  methods  are  used,  the  only 
deviations  from  the  present  procedure  will  be  associated  with 
the  use  of  a  dielectric  lens  and  operation  at  the  long  range 
lengths  required. 

3.3d  Lens  Utilization 


A  number  of  steps  must  be  accomplished  in  obtaining  the 
proper  range  geometry  for  utilization  of  the  lens.  These  steps 
include  emplacing  the  lens  at  the  proper  position  relative  to 
the  target  or  target  pit,  and  properly  placing  the  mobile  van 
and  associated  equipments  relative  to  the  target  or  lens  posi¬ 
tion. 


253 


The  mounting  recommended  for  the  dielectric  lens  is  shown 
in  Figure  3.3-1.  A  shelter  similar  to  that  presently  used  at 
RAT  SCAT  to  move  large  targets  will  be  required  for  the  purpose 
of  emplacing  and  providing  protection  during  inclement  weather. 

The  envelope  of  the  separation  required  between  the  lens 
and  the  target  extremities  is  shown  in  Figure  3.3-2  as  a  function 
of  frequency  at  a  range  length  of  21,000  feet.  The  envelope  is 
limited  to  a  separation  of  600  feet  in  order  to  provide  adequate 
system  recovery  time  and  thereby  essentially  eliminate  the  effects 
of  the  radar  cross  section  of  the  lens  on  the  signal  received 
from  the  target.  The  longest  separation  distance  is  limited  by 
the  loss  of  signal  strength  or  the  amplitude  gradients  expected. 

The  envelope,  presented  in  Figure  3.3-3  as  a  function  of 
target  length  and  frequency  indicates  the  bounds  imposed  by  the 
recommended  equipment  sensitivity  and  the  effective  antenna 
system  aperture.  However,  operation  at  a  range  length  of  21,000 
feet  is  recommended. 

Both  of  the  envelopes  discussed  above  are  established  in  a 
manner  designed  to  insure  the  proper  operation  of  the  lens; 
therefore,  some  operational  experience  with  the  lens  is  expected 
to  enable  expansion  of  these  envelopes. 

3.3.2  Long  Range  Operation 

The  geometrical  parameters  associated  with  measurements 
at  long-range  lengths  are  identical  to  those  presently  used  at 
RAT  SCAT  although  adjustments  may  have  to  be  made  in  the  antenna 
height  in  order  to  obviate  the  effects  of  the  earth  curvature 
and  atmospheric  refractions.  The  terrain  elevation  contour  will 
tend  to  reduce  the  effects.  Tests  conducted  at  RAT  SCAT  indi¬ 
cate  that  no  significant  amount  of  terrain  preparation  will  be 
required.  However,  operation  based  ou  the  use  of  mobile  equip¬ 
ment  will  normally  be  required  in  order  to  realize  adequate 
sensitivity;  excluding  lens  utilization,  sensitivity  recommenda¬ 
tions  have  been  based  on  a  range  length  of  2D^/^,  although  some 
flexibility  has  been  provided  in  this  area.  The  range  length 
envelope  present  in  Figure  3.3-4  is  established  on  the  basis 
of  antenna  height  limits  and  2D^/^  criterion. 

The  map  presented  in  Figure  3.3-5  illustrates  the  recom¬ 
mended  range  layout.  This  layout  was  selected  on  the  basis  of 
terrain  features  and  the  utilization  of  existing  roads. 
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The  recommended  position  of  the  rotator  pit  is  along  the 
dashed  line  shown  in  Figure  3.3-5  at  &  range  of  5000  feet  from 
the  operations  building.  The  criteria  used  for  selecting  this 
location  were  the  proximity  of  the  rotator  to  the  storage 
locations  of  the  larger  targets  and  the  lens  which  are  expected 
to  be  in  the  vicinity  of  the  operations  building.  This  location 
allows  a  2500- foot  separation  between  the  subject  rotator  and 
the  pit  3  rotator;  this  distance  should  be  adequate  to  avoid 
any  significance  conflict  between  measurements  being  cm  ducted 
on  pit  3  from  the  operation  building  and  from  this  down-range 
location  of  the  mobile  equipment. 

The  recommended  location  of  the  nobile  unit  with  and  with¬ 
out  the  use  of  the  dielectric  lens  -  along  the  dashed  shown 
in  Figure  3.3-5.  The  approximate  maximum  range  required  using 
the  lens  is  21,000  feet,  and  the  maximum  range  required  without 
the  lens  is  28,800  feet.  These  conditions  coincide  with  the 
measurement  of  a  60- foot  target  at  12  and  4  gigahertz,  ree~ 
pectively.  The  basic  region  for  use  of  the  lens  is  from  30- 
to  60- foot  targets  in  Band  7  and  40-  to  60- foot  targets  in 
Band  6. 


3.4  Ancillary  Equipments 


In  this  subsection,  a  number  of  ancillary  equipments  are 
recommended  for  implementation  for  use  in  the  large-object 
measurement  program.  The  recommendation  of  these  equipments  is 
based  on  general  requirements  that  are  not  related  to  the 
selection  of  a  specific  method  of  large-object  measurement. 

These  equipments  include  a  target  rotator,  a  data  recording 
subsystem,  and  a  vector  subtraction  subsystem# 

’.4.1  Target  Rotator 

A  set  of  preliminary  rotator  specifications  are  presented 
in  Table  3.4-1.  The  most  significant  of  these  specifications 
are  those  for  the  weight  bearing  capability  (refer  to  subsection 
1.2),  the  rotation  rate,  the  digital  encoder  readout  resolution, 
and  backlash.  Each  of  these  items  are  related  to  basic  require¬ 
ments  for  expected  target  weights  and  data  resolution.  The 
0.02-degree  resolution  and  the  backlash  specified  are  compatible 
with  the  data- recording  interval  recommended. 


Table  3.4-1  PRELIMINARY  ROTATOR  SPECIFICATIONS 


Item 

Specification 

Capacity 

50,000  lbs 

Table  width 

40  feet 

Table  tilt 

0  to  3  degrees 

Rotation  rate 

.01  to  .5  rpm 

Gear  backlash 

.02  degrees 

Table  surface  tolerance 

.01  inch 

Encoder  readout 

0.02  degrees 
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3.4.2  Date  Recording 


The  provision  of  additions  to  the  recording  equipment  is 
required  for  large-object  measurement  programs.  This  require¬ 
ment  is  independent  of  the  measurement  method  employed  (refer 
to  paragraph  1.2.6).  Previous  studies  by  the  Fort  Worth  Divi¬ 
sion  and  RaT  SCAT  personnel  have  resulted  in  implementation 
proposals  a r-i  equipment  testing  in  this  area.  The  projected 
capability  in  the  area  of  analog  and  digital  recording  is 
adequate  for  large-object  measurement  programs.  An  all¬ 
electric  (digitally  controlled)  Sigma  Servo  prototype  has  been 
delivered  to  RAT  SCAT  and  is  currently  undergoing  testing. 

This  unit  has  a  maximum  capability  of  10,000  dB  per  second,  which 
is  far  in  excess  of  the  anticipated  requirements. 

It  appears  that  the  analog  recorder  whose  required  data 
rate  is  on  the  order  of  1000  dB  per  second,  10- inch  readout 
(60  inches  per  second)  cannot  fc«  reasonably  achieved  by  using 
a  mechanical  recorder  similar  to  that  presently  used  at  the  RAT 
SCAT  site.  The  present  capability  is  approximately  300  dB  per 
second.  The  most  appropriate  roetns  of  providing  the  required 
capability  is  the  use  of  a  "light  pen"  unit,  such  as  the 
Hewlett  Packard  4508B,  whose  wr?  ting  speed  is  in  excess  of 
1000  dB  per  second  (2-kilohertz  bandwidth).  This  type  of  unit 
is  relatively  expensive  in  terms  of  both  initial  and  operating 
cost,  but  it  is  required  if  the  Accessary  analog-recording 
resolution  is  to  be  provided. 

The  projected  RAT  SCAT  capability  in  the  area  of  on-line 
magnetic  tape  recording  will  provide  the  necessary  digital  re¬ 
cording  capability  (Reference  14).  This  capability  is  provided 
in  the  new  data  console  configuration.  The  only  significant 
requirements  in  this  area  are  the  provision  of  the  correct  RAT 
SCAT  formulating  and  a  data  rate  on  the  order  of  30  data  blocks 
per  second. 

3.4.3  Vector  Subtraction 

The  implementation  of  a  vector  subtraction  process  is 
recommended  in  order  to  enhance  the  RAT  SCAT  target  support 
level  of  capability.  The  recommended  process  is  identical  to 
that  presently  available  at  RAT  SCAT  in  Band  4  (Reference  6) 

The  implementation  of  the  process  imposes  a  requirement  for 
phase  measurement  capability  and  a  computer.  The  PB  250  pre- 
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sently  used  at  RAT  SCAT  does  not  contain  adequate  storage  capa¬ 
city  for  the  large-object  measurements.  The  required  capacity 
in  on  the  order  of  40,000  data  blocks  for  programming  and  data 
storage.  This  figure  includes  a  capacity  of  36,000  words 
(phase  and  cross  section  data,  indexed  on  azimuth  degree)  for 
a  0.02-degree  sampling  interval  (refer  to  paragraph  1.2.6). 

A  SDS  910  computer  will  provide  adequate  storage  and  the  neces¬ 
sary  computation  for  this  approach  although  the  most  cost 
effective  approach  may  be  that  of  programing  and  utilizing 
an  existing  computer  facility. 


PHASE  MEASUREMENT  BLOCK  DIAGRAM 


Preliminary  Specifications 
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MINIMUM 


■ 


FREQUENCY  -  GHz 

Fig.  3.3-2  TARGET- LENS  SEPARATION 
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Fig.  3.3-4  LONG -RANG?  OPERATIONAL  ENVELOPE 
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Fig.  3.3-5  RECOMMENDED  RANGE  LAYOUT 


APPENDIX  A 


SCALING  ERROR  COMPUTER  PROGRAM 


The  scaling  error  investigation  was  conducted  with  the  aid 
of  an  existing  physical  optics  computer  program  (Fort  Worth 
Division  Procedure  M-25)  written  at  this  division.  This  pro¬ 
gram  was  modified  to  allow  the  computation  of  theoretical  sealing 
errors  as  presented  in  subsection  1.1  of  this  report.  A 
comprehensive  description  of  the  general  computer  program  is 
presented  In  Reference  15  and  in  a  description  of  that  portion 
of  the  computer  program  used  in  the  large- obj ec  scaling-error 
investigation  is  presented  in  this  appendix. 

The  basic  program  logic  is  presented  in  Figure  A- I  along 
with  the  definitions  of  the  index  parameters.  It  is  evident 
from  the  figure  that  the  program  logic  basically  consists  of 
making  individual  cross  section  computations  (k  index)  vectorially 
combined  at  each  of  a  selected  number  of  aspect  intervals  (i 
index)  and  then  repeating  this  process  for  a  selected  number  of 
geometrical  pertubations  (n  index)  which  represent  scale  factor 
errors . 

The  k1*1  cross  section  computation  is  performed  by  using  the 
physical  optics  expression  for  the  kfc”  type  of  generic  shape  used 
to  describe  the  composite  target  being  studied  (see  Figure  1.1-2). 
At  present,  expressions  for  six  types  of  surfaces  are  available, 
8tid  these  are  listed  in  Equations  A-l  through  A-6  (Table  A-l). 

Note  that  the  fru strum  expression  (Equation  A-5)  represents  the 
frustrum,  cone,  and  right  circular  cylinder  in  the  broadside 
region,  whereas  the  cone  represents  the  cone  only  in  the  nose- 
on  region. 


APPENDIX  A 


SCALING  ERROR  COMPUTER  PROGRAM 


The  scaling  error  Investigation  was  conducted  with  the  aid 
of  an  existing  physical  optics  computer  program  (Fort  Worth 
Division  Procedure  M-25)  written  at  this  division.  This  pro¬ 
gram  was  modified  to  allow  the  computation  of  theoretical  sealing 
errors  as  presented  in  subsection  1.1  of  this  report.  A 
comprehensive  description  of  the  general  computer  program  is 
presented  in  Reference  IS  and  in  a  description  of  that  portion 
of  the  computer  program  used  in  the  large-objec.  scaling-error 
investigation  is  presented  in  this  appendix. 

The  basic  program  logic  is  presented  in  Figure  A- I  along 
with  the  definitions  of  the  index  parameters.  It  is  evident 
from  the  figure  that  the  program  logic  basically  consists  of 
making  individual  cross  section  computations  (k  index)  vectorially 
combined  at  each  of  a  selected  number  of  aspect  intervals  (i 
index)  and  then  repeating  this  process  for  a  selected  number  of 
geometrical  pertubations  (n  index)  which  represent  scale  factor 
errors . 

The  cross  section  computation  is  performed  by  using  the 
physical  optics  expression  for  the  type  of  generic  shape  used 
to  describe  the  composite  target  being  studied  (see  Figure  1.1-2). 
At  present,  expressions  for  six  types  of  surfaces  are  available, 
and  these  are  listed  in  Equations  A- 1  through  A- 6  (Table  A-l). 

Note  that  the  frustrum  expression  (Equation  A-5)  represents  the 
frustrum,  cone,  and  right  circular  cylinder  in  the  broadside 
region,  whereas  the  cone  represents  the  cone  only  in  the  nose- 
ori  region. 
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Table  A-l  EQUATIONS  FOR  FIVE  BASIC 

TYPES  OF  SURFACE  (Continued) 

*  small  radius  of  frusttum  in  wavelengths 
■  length  of  frustrum 

-  half  angle 

f  f  (4tr  i  Sin  (9-  a  )/cosa)Vl 

as9,a)«  J  (  a+L  tan  a  J*  |  e'  |dV 

o 

f  *  dependent  on  constants  a,  L,  a 
Equation  A-E 

-  K  \J~tT  tan  2  a  L  0s9*X 

-  cone  length  in  wavelengths 
“  cone  half  angle 

-  compatible  with  Equation  E 
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INPUT  DATA 


Target  designation,  frequency,  scale  factor,  number  of 
generic  shapes  (k) ,  number  of  aspect  angles  (I) ,  number  of 
geometrical  pertubatlons  (N) ,  size  of  geometrical  pertubations , 
generic  shape  siae  constants,  generic  shape  geometrical  position 
constants 


Compute  V0^1**  k)  &  Store 


k  -  k+1 

r 


k  >  K 


Yes 


K 

Compute  2 

k  -  1 

\f  cr  (n,  ik)  &  Print 

n  >  N 


CALL  NEXT  TARGET 


Basic  Computer  Logic 
Figure  A- 1 


APPENDIX  B 


NEAR- FIELD  ERROR  COMPUTER  PROGRAM 


B.l  Development  of  Equations 

The  Fort  Worth  Division  has  written  a  computer  program 
for  predicting  the  near- field  error  associated  with  the 
measurement  of  an  elliptical  cylinder  target.  The  equations 
were  written  for  programming  on  an  IBM  7090/7040  and  have  been 
incorporated  in  the  subroutines  of  program  H86  of  this  division. 

The  basic  near-field  error  expression  in  the  case  of  an 
ideal  ground  plane  range  can  be  written  as  in  Equation  B-l. 
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where 


- (z ' tan0+B/cos0) 


The  2  in  the  integral  multiplier  appears  because  of  the 
double  value  representation  of  the  cylinder  x'  coordinate  by 
y' ,  where 

A  *  radius  of  major  axis  in  wavelengths 

B  *  radius  of  minor  axis  in  wavelengths. 

The  limits  of  the  integrals  are  determined  from  the  geometry  of 
a  finite  cylinder  under  the  assumption  that  the  end  plates  are 
always  parallel  to  the  radar  line  of  sight  and  there  are  no 
currents  past  the  shadow  boundary. 


Since  Equation  B-2  represents  the  cross  section  of  the 
cylinder  unmodified  by  near- field  and  antenna  effects,  it  is 
convenient  to  evaluate  *his  equation  in  closed  form  to  avoid 
repeated  numerical  integration.  Closed- form  evaluation  can  be 
accomplished  in  the  large-object  case  by  evaluating  Equation  B-2 
as  B  becomes  large.  To  take  this  limit,  it  is  convenient  to  re¬ 
place  y'c.osG  +  z'sinG  by  W  and  z'  by  V.  This  transformation 
results  in  Equation  B-3. 


r  -i2tfy' 

l  €  Ny  ds  *  2 A 

5  B2Cos9 


LCosG 

f  2  c  +14lfVtan9 

) 

-LCosG 


2 


0 


,  -i4  If  W  „  „T  1 

i  — — -  W  cIW 

\  c  Cos9 

dv 

h-(V\2']k  J 

(B-3) 


Equation  B-3  can  be  integrated  to  obtain  Equation  B-<  for 
which  the  large  B  value  limit  is  given  in  Equation 


where  the  and  represent  the  Bessel  and  Struve  functions  of 
order  1,  respectively. 


t  r12*  y'  fC^sQ  ASin(2L*rsin6)  _ 

}  £  Ny  ds  -  i|“gr  TsI^I -  (B‘5) 

s 

Note  that  the  validity  of  the  expression  in  Equation  B-5  can 
be  checked  for  the  case  of  a  circular  cylinder  by  letting  B  ®  A, 
and  after  multiplication  by  2  fW  to  obtain  cross  section,  the 
result  is  the  standard  physical  optics  f(T  expression  for  a 
cylinder. 

The  next  expression  to  be  considered  is  the  other  term  in 
the  denominator  of  Equation  B-l.  This  term  can  be  written  as 
the  product  of  two  integrals  as  given  in  Equation  R~6  and  B-7. 
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(B-6) 


Lx2-2x(ht-ha-«)  +  2«2]y* 
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dz 


(3 
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lZL  z2 
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where  x'  has  been  changed  to  x1  -  a  and  a  denotes  the  distance 
between  the  center  of  the  cylinder  and  the  center  of  the  beam 
in  the  vertical  direction  in  wavelengths. 

The  expressions  in  equations  (B-6)  and  (B-7)  are  programmed 
in  subroutines  2  and  1,  respectively,  by  using  numerical  inte¬ 
gration.  The  criterion  used  to  determine  the  integration  inter¬ 
val  was  that  of  phase  variation  across  the  antenna  aperture. 

The  aperture  was  divided  into  intervals  so  that  the  phase  vari¬ 
ation  over  each  of  the  intervals  was  less  than  1.0  degree.  In 
particular,  the  aperture  is  divided  as  indicated  in  Equation 
B-8 . 


K  =  72  Dr2/R  (B-8) 

where  K  is  the  number  of  intervals . 

Equations  B-5,  B-6,  and  B-7  were  used  to  represent  the 
denominator  of  Equation  B-l.  The  combinations  of  these  equa¬ 
tions  used  in  the  four  subroutines  will  be  discussed  after 
the  numerator  of  Equation  B-l  is  reduced  to  a  form  similar  to 
Equations  B-6  and  B-7.  This  step  was  accomplished  to  reduce 
the  number  of  integration  intervals  and  to  simplify  the  pro¬ 
gramming.  By  retracing  the  steps  used  to  separate  the  variables 
to  obtain  Equation  B-9,  the  numerator  of  Equation  B-l  can  be 
written  as  shown  in  Equations  B-9  and  3-10. 


Dr/2  9  k  .  ll  I  x2-2x(ht-ha-  a  )+2  a2] 

■»  -  /  I  <  - 1 


(B-9) 


■Dr/2 


(%  f  £  C0SS  cosfl  (w) cos.f 2  <w,x)  ^  (A/B  ')W  d  W  V 

v.  -»  cose  1  "(f)  jV 


+ 

f3(w,x) 
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where 


£1  (»)  -  5^  <±*  I1  *«  ) 

4*  2  % 

f2“(w,x)  -  i±k  jl  -  ]  [x+ha]  +  xjht  ““I  •  haa) 

f3-(w,x)  -  d&l.  (a|i  -  ff)  2]%)(a[i  -  ($)  2f  +  |*  +  H) 

and  the  +  occurs  because  of  the  double-valued  relation  between 
x'  and  y',z'  and  the  ^  denotes  summing  the  integral  for  the 
case  of  the  (+)  and  the  (-)  integral  function. 


(B-10) 


It  can  be  seen  that  the  form  of  Equations  B-9  and  B-10  is  identi¬ 
cal  to  that  of  Equations  B-6  and  B-7.  However,  to  evaluate  the 
inside  integral  in  Equations  B-9  and  B-10,  denoted  by  (*)  and 
(**) ,  numerical  integration  must  be  used,  whereas  the  correspond¬ 
ing  terms  in  Equations  B-6  and  B-7  are  simple  expressions. 

To  numerically  integrate  the  (*)  term  in  Equation  B-9, 
it  was  noted  that,  except  for  the  term 

-4  r  lw 
£  Cos9 

the  integral  was  slowly  varying.  Hence,  the  (*)  term  of  Equa¬ 
tion  B-9  was  put  in  the  form  of  Equation  B-ll  in  order  to  per¬ 
form  the  numerical  integration.  (To  obtain  Equation  B-ll  from 
Equation  B-9,  let  W/B  -  Sin0.) 


where  D(  <f>  ,x) 


^|cos  f^  (BSin£  )  Cosf2  (BSin$  ,x) 
fi+  (Bsin<j6  ,x) 

t  ~  J  +  [  cosf L  (BSin<£  ) 

*3*  (BSin<£  »x)i  \ 

Cos  f2  (BSin<£  ,x)  £  MSin 


Since  4B/CosG  will  in  general  be  quite  large  in  the  case  of 
the  large-object  study,  the  integral  in  Equation  B-ll  was 
evaluated  by  changing  variables  to  $  »  4B  Sin(J»/Cos9  and  inte¬ 
grating  between  and  so  that  »  1.  Use  of  this 

technique  gives  a  Stielties  type  of  integral  rather  than  a 
Riemann  integral.  Using  this  technique  reduces  the  number  of 
integration  intervals  by  better  than  an  order  of  magnitude. 

The  form  of  the  equation  obtained  by  using  the  above  change 
of  variables  is  given  in  Equation  B-12. 


where 
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(Use  of 

this 

equality 

L 

allows 

the 

function 

B(  </>_,x)  to  be  evaluated 
at  the  midpoint  of  the 
integration  interval) 


S  -  4B/Cos0 


Equation  B-12  was  used  to  evaluate  the  (*)  terra  in  Equation  8-9 

X  S 

although  the  term  €  was  omitted  because  of  the  absolute 
magnitude  signs  in  Equation  B-l. 


To  evaluate  the  (**)  term  in  Equation  B-10,  a  process 
similar  to  that  used  to  arrive  at  Equation  B-12  was  used.  It 
was  noted  that  the  rapid  changing  term  could  be  integrated 


i4v7  v(tan8  +  ) 

C  2Ro 
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Hence  the  numerical  integration  should  be  carried  out  over  the 
phase  variation  of  the  term 

-i2^ 


Making  the  change  of  variable  from  v  to  u  »  2v/LCos9  and  reduc¬ 
ing  the  limits  of  integration  from  -1  to  1  to  0  to  1  give  the 
form  of  the  expression  used  to  evaluate  the  (**)  term  of  Equa¬ 
tion  B-10.  This  expression  is  written  in  Equation  B-13. 


(**) 


2Cos9 

7T(2Sin9+zCos9) 


Dtu'rLCos9\ 
**o  ) 


2 


(B-13) 


f  -  itrL2Cos29(u,r)2 


——  JL/--I  r  i 

2Ro  J  |sin  Aur(2Sin9  +  )| 

Cos  XL  (2Sin9  +  5C££ij  |ur  + /ur2  +  l/sj| 


where 


S  -  36L2  Cos2  Qi/Ro 


(s  is  the  number  of  5 -degree, 
two-way  phase  vacations  across 
half  of  the  cylinder  length  pro¬ 
jected  onto  the  z'  axis.) 


A  Of.  -  +  -  ur)  (dUj.  is  such  that  each  integration 

'  '  interval  is  5  degrees) 


ut 


ur  +  A  ur/2 


degrees) 

(Use  of  this  equality  ur’  allows 
the  function  to  be  evaluated  in 
the  middle  of  the  integration 
interval . ) 


Equation  B-13  was  used  to  evaluate  the  (**)  term  of  Equation 
B-10,  but  special  consideration  was  given  to  the  last  inte¬ 
gration  interval.  The  reason  for  this  is  that  a  major  contri¬ 
bution  can  come  from  the  last  integration  interval;  conse¬ 
quently,  the  computer  program  was  written  so  that  the  inte¬ 
gration  was  performed  over  each  5-degree  phase  interval,  and 
the  contribution  from  the  last  interval,  which  was  not  ne¬ 
cessarily  5  degrees,  but  never  greater  than  5  degrees,  was  added. 


* 
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3 . 2  Program  Summary 


» 


Cf 


* 


The  derivation  of  Equations  B-5  through  '-8-1  %  constitutes 
the  basic  steps  used  to  reduce  the  general  rmsi?* field  error 
expression  to  several  basic  subforms  which  can  b®  used  to  study 
the  near- field  error  for  the  major  measurement  conditions  o£ 
Interest . 

B . 2 . 1  Subroutines 


The  equations  indicated  above  were  used  in  various  com¬ 
binations  to  obtain  the  four  computer  programs  (subroutines) 
used  to  investigate  the  near  field  error  in  the  large  object 
study.  To  explain  how  the  four  subroutines  were  generated  it 
is  convenient  to  represent  Equations  B-5,  B-6,  B-7,  B-9  and 
B-10  by  the  symbols  A',  B1,  C* ,  D%  and  F,  respectively.  By 
using  this  representation,  Equation  B~1  can  be  written  as 


E 


M2  |f|2 
M2  M2  |c’|2 


<B~14) 


B.2.1.1  Subroutine  I.  In  the  case  of  horizontal  field 
curvature  only,  note  that  D'  2  becomes  equal  to  ®*  2  a^/2 
CosGB  and  therefore  B-14  is  reduced  to 


| F J 2  A2/2Cos0B 

|c'j2  CosQ  4A2L2  Sin2  2LTTSin9 
8B  (2  If  L  Sin0)2 


(B®15) 


|  F| 2  (2 TT  L  Sin0)2 
|C'!2  Cos20  L2  Sin2  (2LffSin0) 

This  expression  (lOLogE)  was  programmed  for  subroutine  I  in 
which  the  technique  represented  by  Equation  B-13  was  used  to 
numerically  integrate  F  along  with  the  technique  described  for 
C' . 


B.2.1.2  Subroutine  II.  In  the  case  of  vertical  field 
curvature  only,  note  that  ) FI 2  becomes  equal  to  |C’|2 

Cos29  L2  Sin2  2LlTSin0 
(2*L  Sin  0)2 


4 


and  B-14  Is  therefore  reduced  to  the  expression 


|DE  j  2  <Cos29  L2  Sln2[2L  U'Sin  G])/(2r&  Sin  9)2 

| E .  j  2  Cos  9  A2  Sin2  (2L7rSltt  9) 

8B  n2  Sin2  9  (B-16) 

| D’|  2  2B  Cos  9 


This  expression  (lOLogE)  is  equivalent  to  that  programmed  for 
subroutine  II  although  the  actual  expression  for  |D'|  2  which 
was  programmed  was  equal  to  (A2 /Cos2  9)  |i)#|  2 .  To  evaluate 
the  expression  for  D*,  the  technique  represented  by  Equation 
B-12  was  used  along  with  the  numerical  technique  described  for 
B1  (Equation  B-6) . 


B.2.1.3  Subroutine  III.  In  the  case  of  the  point  source 
antennas*  if  field  variations  appear  in  both  the  vertical  and 
horizontal  planes,  note  that  |D'I2  a$d  |Ff2  are  reduced  to 
|BS!2  (bracket  term  of  B8)  2/|F(*0!^  and  jC'j2  (bracket  term 
of  F)  2t  respectively.  Equation  B-14  is  reduced  to 


E  3  j  (12)|  2  ((13)  |2/  CoB  e  a2  sin2  (2L  7f  Sin  9).„ 

8b(cos  f^)2772  Sin2 9  (Cos  lIBkfLj2 

(B- 17) 


9* 


F(<*)  «  Cos  SlSi  Cos  IZik-sL 
2H*  R 

Tlvls  expression  (10  Log  E)  is  equivalent  to  that  programmed 
for  subroutine  III  although  as  in  subroutine  II  the  programmed 
| (12)} 2  was  equal  to  (A2/Cos2  9)|(12)}2  . 

B.2.1,4  Subroutine  IV.  In  the  case  of  finite  antennas 
and  curvature  In  both  the  vertical  and  horizontal  planes,  note 
that  the  product  of  Equations  B-15  and  B-16  give  Equation  B-14 
which  is  the  general  expression.  Hence  subroutine  IV  is  the  sum 
of  the  results  of  subroutines  I  and  II. 
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B . 2 . 2  Additional  Computations  and  Variables 


B.2.2.1  Cross  Section.  In  addition  to  the  error  compu¬ 
tations  which  can  be  made  using  any  or  all  of  the  four  sub¬ 
routines,  the  cross  section  of  the  cylinder  was  computed  and 
normalized  to  the  broadside  value.  This  expression  is  given 
in  Equ  .tion  B-18. 


max 


.  cos  9  fsi°  (2  3a  Sis.  12 
(2ffL  Sin  9) 


? 


(B-18) 


The  value  of  «^l r  was  Included  in  subroutines  I  and  II 

max 

only. 

B.2.2.2  Variables .  In  order  to  compute  error  a  func¬ 
tion  of  range  and  azimuth,  the  computer  program  was  designed 
to  increment  these  variables  by  replacing  all  of  the  Rq  and 
0  variables  in  the  equations  by  the  range  and  azimuth  variables 
to  obtain 


R  ■  Rq  jjL  +  MS  10,  $  chosen  to  represent  tin 

desired  range  step 

0  ■  0O  [  l]  +  AO(N-l)  NS  50,  Aflin  radians  chosen  to  re¬ 
present  the  desired  azi¬ 
muth  change. 

Also  the  antenna  height  ha  is  adjusted  automatically  to 
compensate  for  changes  in  range.  This  compensation  is  accom¬ 
plished  by  using  the  relationship  given  in  Equation  B-19  which 
is  the  standard  ground  plane  relation  for  determining  the  center 
of  the  beam: 


ha  "  TZ-  (B-19) 

4  h^ 

The  computer  program  flow  diagrams  are  presented  in 
Figures  B-l  through  B-4. 

B . 2 . 3  Checkout 


The  validity  of  the  computer  program  was  checked  against 
the  equations  listed  in  the  subroutines  by  using  two  basic 


techniques.  The  first  technique  was  that  of  comparing  the  com¬ 
puted  data  with  hand  calculations ,  and  the  second  was  that  of 
comparing  the  outputs  of  related  subroutines.  The  first  method 
was  used  for  checking  subroutines  I  and  II  and  the  second  for 
subroutines  III  and  IV.  The  relationships  between  subroutines 
I  and  II  and  III  and  IV  are  (1)  the  error  computed  for  sub¬ 
routine  III  should  equal  the  sum  of  the  errors  from  subroutines 
I  and  II  when  small  antennas  are  used  and  (2)  the  error  com¬ 
puted  for  subroutine  IV  should  equal  the  sum  of  the  errors  from 
subroutines  I  and  II. 


The  hand  calculations  used  to  check  subroutine  I  were 
taken  from  RADC  Report  TDR-64-397  pp.  13.  By  using  the  curve 
presented  in  the  referenced  reports  the  computed  data  checked 
within  the  resolution  of  the  ability  to  read  the  error  from 
the  curve. 


The  hand  calculations  used  to  check  subroutine  II  are 
-is ted  in  Table  B-l  for  the  more  complex  operations  shown  in 
the  flow  diagram  in  Figure  B-2.  The  input  parameter-  for  this 
problem  are  also  listed  in  Table  B-l. 


Table  B-l  VALIDATION  DATA  FOR  SUBROUTINE  II 


Input  Parameters 

Ro-5x21xl0^>  A-B-10,  E^I^-25,  Ht»39,  cC  «0 


Computer  Value 


Slide  Rule  Computation 


40 

1.98  +  j0. 000148 
0.0212  +  jO. 000127 


Sfc  -  11#) 


«<!)•«{*)♦ f(i*> 


H%M0i|)(lQt4C< 


r<i)j,  «^|»Ki)*»o1/ir<»)ct»u(»»tQ1)j 


10  Utjv^7  *la(l»l%)/W4i 


Fi*.  B-l  SUBROUTINE  1  PROGRAM  H 


SUBROUTINE  2  PROGRAM 


SUBkOOTIlfB 


Ei(i,K)  -  E(i,K)  OF  SUBROUTINE  1 


E2(i,K)  -  E(i,K)  OF  SUBROUTINE  2 


PRINT  &  CALL 
NEXT  PROBLEM 


Fig.  B-4  SUBROUTINE  4  PROGRAM  U-86 
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The  Investigation  -reported  herein  hat  beta  directed  te  defining!  an  optima*  arsano 
of  Implementing  a  capability  far  measuremant  of  large-object  m/Mc  cross  section  at 
the  Radar  Target  Scattering  8ite,  White  Sands  ifttssiifi  %&&&&>.  'tHsm  required  capability 
Is  that  of  accomodating  targets  up  to  60  feet  In  length,  ovssr  a  frequswwy  range  of 
0.03  to  12  gigehertt,  and  nalntalnlng  the  present  US  aCKS  maswwrameni  accuracy,  lhe 
primary  trade-off  feature  in  this  study  vac  the  ra^ilr^Rgnt  Tor  ramps  length,  vfelch 
exceeded  16  miles  In  the  case  of  the  most  straight- term?  1  ape resets  to  largo-object 
measurement.  This  condition  Is  commonly  defined  by  R  >  2§r^|  shew  D  is  the  mini¬ 

mum  target  dimension  and  ^  is  the  radar  save  length. 

Pour  bade  measurement  methods  vere  analysed  In  this  investigation:  (l)  scaling, 
vherein  the  targat  else  and  range  length  are  reduced  ’/la  the  iwll-hnom  ace  ling  lavs, 
(2)  long  range  and  high  paver,  herein  a  range  length  of  2S&/K  is  used,  (3)  antenna 
far  Held  simulation,  vherein  a  dielectric  3 am  la  uaed  to  partially  correct  "fcto® 

{turn  of  the  Incident  illuminating  field,  and  {k)  analytical  tm  action  of  near  field 
data,  vherein  data  obtained  at  R<  la  analytically  process*#*  to  chtaln  data 

equivalent  to  that  at  R  -  2D /( 

The  study  conclusions  are  haeed  on  extens 1%  theoretical  investigation  wd  expBri- 
mental  testing.  Over  200,000  TEX  7090  coa^atatlcn*  «n&  ?50  #a'peria*wt«  vara  perform- 
ed.  A  trade-off  study  vaa  conducted  la  order  to  uniformly  evaluate*  the  iepwt  of 
the  selection  of  the  eevmral  method*.  The  final,  selection  represents  a  waMw,tSm 
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Radar  Reflectivity 
Static  Bangs  Cross  Section 


Rear  field  Effects 


Lena  Correction 


Analytic  Correction 
Pull- else  Targets 
Scaled  Targets 


Abstract  (eontd) 


of  the  long-range,  and  high-pover ,  and  anl  enna  1 
The  sensitive  target  length  and  frequency  regioi 
feet  .H  0  ^  60  feet  and  A  gigahertz  £  ’  S  : 
bounds,  the  latter  aethod  ia  specified  fo:'  the  : 

■>  4  gigahertz  and  (2)  F  >  8  gigahertz  Othi 
in  the  trade-off  study  on  the  basis  of  tint  cost 
necessary  range  length  or  Beaaureaent  ace 
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